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P R E F A C E 
Though the p o s s i h i l i t y of the existence of neutrons 
ins ide nuclei had heen f i r s t h inted hy Rutherford as ear ly 
as 1910f the importance of these pa r t i c l e s* as a tool for 
inves t iga t ion of the nuclear phenomenaf was rea l i sed by 
workers in the f ie ld a l l over the world only af ter the 
publ icat ion of Qhadwick*s c l a s s i c inves t iga t ions leading to 
an unajahiguous determination of the i den t i t y of t h i s p a r t i c l e . 
The neutrons being uncharged pa r t i c l e s* however, presented a 
d i f f i c u l t problem for t h e i r detect ion and ear ly inves t igat ions 
of t h e i r p roper t i es in fact employed va r i an t s of the methods 
used e a r l i e r to e s t ab l i sh t h e i r i d e n t i t y . As a resu l t of 
these s tudies i t was revealed tha t neutrons were capable of 
inducing a va r i e ty of r eac t ions vtoich could prof i tab ly be 
used for t h e i r e f f ic ien t de tec t ion . 
% i l e these s tudies on t he neutrons were being 
carr ied out in various l abora to r i e s of the world* Cosmic-ft jy 
workers* p a r t i c u l a r l y in Germany, began a search for t h i s 
p a r t i c l e in Cosmic-fltadiation. Though the cloud chamber 
p i c tu re s of Cosmic-^sys obtained by Locher, indicated the 
existence of neutrons in Cosmic-Says qu i te ear ly i t remained 
for Funfer to make the f i r s t ever systematic study of Cosmic-
^ay neutrons. I t i s now known tha t the Cosmic-'fciay neutrons 
are secondary p a r t i c l e s produced in the nuclear in te rac t ions 
of the primary Cosmic-ftays and t h e i r subsequent energetic 
I I 
secondaries aJid t e r t i a r i e s * I t i s also known now t h a t , 
though the nuclear dis integr&tions are of d i f ferent tjrpes 
low energy neutrons are always emitted in a l l these nuclear 
i n t e r a c t i o n s . And t h i s fact makes i t possible to study 
these nuclear i n t e r ac t i ons induced "by energet ic Cosmic ftays 
with the help of these d i s in t eg ra t ion neutrons . 
The present work reported here has been divided 
in to two p a r t s . I*art I i s concerned with the construction 
and s tudies of neutron counters prepared in the Physical 
I»aboratories of Aligarh Huslim Univers i ty . In t h i s par t 
various techniques of neutron de tec t ion , with a view to 
u t i l i z i n g them in Cosmic f^ ay neutron s t ud i e s , have been 
b r i e f l y discussed, followed by cer ta in considerat ions which 
f ix the design parameters of the neutron counters . I'he 
const ruct ional d e t a i l s of Boron Tr i f luor ide counters have been 
adequately discussed in t h i s pa r t , %ough Boron 2!rifluoride 
counters have been constructed elseisiiere, no a t t a s p t s at 
ge t t ing them made in the country e f f i c i en t ly on a la rge 
sca le have r e a l l y been made. Considering t h e i r usefulness 
and t h e i r non -ava i l ab i l i t y in India i t was f e l t des i rab le , 
using the mater ia l avai lable in the country, to evolve a 
design and a construct ional procedure that would f a c i l i t a t e 
the construction of a good number of neutron counters of 
good, s tab le and reproducible c h a r a c t e r i s t i c s , ^he 
c h a r a c t e r i s t i c s of the few counters constructed by the 
author are given in t h i s p a r t . The temperature dependence 
of the c h a r a c t e r i s t i c s of these counters -wjiich was studied 
for one of them i s also presented he re . The phenomena 
i i i 
observed in t h i s temperature study have "been discussed and a 
t e n t a t i v e explanation put forward. 
Pa r t I I of t h i s work deals with the inves t iga t ions 
on nuclear d i s in t eg ra t ion phenoroena in Cosmic Radiation 
carr ied out at the Guimarg Research Observatory, Gulmarg 
(9000 f t , ) Ka^mir , % e following p roper t i e s of the 
S^-radiation, as t h i s component of the Gosmic Rays i s 
general ly ca l led , have been investigated* 
1. 5!he in t e rac t ion mean free path and the absorption 
mean free path of the ^ - r a d i a t i o n , 
2. Sxistence of a t r a n s i t i o n effect of t h i s rad ia t ion 
in lead. 
3 . Change in the dis in tegrat ion-producing property 
of the ^ - r a d i a t i o n when i t i s f i l t e r e d through an absorber 
of 280 gffis./sq. cms. of I*ead. 
The r e s u l t s obtained from these inves t iga t ions have 
been compared with those obtained by other workers using 
s imilar or di f ferent techniques. A t e n t a t i v e explanation for 
the existence of the t r a n s i t i o n effect has been put forward. 
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C M f v P T C i e X 
I I I T R O B [ J G T I O H 
'She detect ion aaid study of neutrons, for a long 
time af ter t h e i r discovery, were carr ied out with the 
help of the methods s imilar to the ones tha t were used to 
es tah l i sh the i d e n t i t y of these p a r t i c l e s . Since the 
standard methods cf de tec t ion , used for ether elementary 
p a r t i c l e s l i l :e electronr^ rncl r r o t o r r , could net "be v.sec; 
for the d i rec t detect ion of neutrons, a vigorous search 
was made for finding out the proper t ies of neutrons that 
could p ro f i t ab ly he used for the i r de tec t ion . I t soon 
"became known tha t the neutrons are capable of inducing a 
va r ie ty of reac t ions in which one or more charged p a r t i c l e s 
are eni t ted and these in turn can he eas i ly detected, All 
the methods of detect ion of neutrons, knov.Ti tc t h i s dry, 
depend upon cne cf the following types of reactions* 
( n . p ) ; (n, < ) ; (n , f iss ion) ; A r t i f i c i a l radioact iv i ty 
and Recoil protons. 
Studies Y.'ith neutrons r equ i re e i ther flux 
determination or a spectrum measurement and sometimes both. 
5!he methods used in neutron s tud ies can be c l a s s i f i ed as under* 
1. Arti. f i ei al KadiftsLaQtixUg. 
(a) de tec t ion using a c t i v i t y separation techniques 
BO-cal-ed B7,ilar<3-Chair.err. I roce?? . 
(L) leclmiqu-cr unlnf Gj : counter- rJid ^ c i r t l l l a t i c r 
rcv.r:t er::» 
Art i f iRin l rRdiO-agtiYity* Though Curie and J o l i o t (l934) 
are credi ted with the discorery of the a r t i f i c i a l 
r a d i o - a c t i v i t y , i t was i'eriEi (1934) -^ dio produced the 
a r t i f i c i a l r a d i o - a c t i v i t y in elements "by bombarding them 
with neutrons, ^ e s e early experiments with neutrons showed 
tha t some elements have a very high cross-sect ion for the 
absorption of neutrons, transmuting themselves into 
r ad io -ac t ive nuc le i . Hovirever, for an e f f ic ien t detect ion 
of neutrcris by t h i s method, ToeeideE &. high cross-sect ion for 
the nuclear t ransmutat ion, the ha l f l i f e of the r e su l t i ng 
r ad io -ac t ive nuclei should be a quant i ty neeasurable in the 
labora tory . As such the ha l f l i f e of the induced 
r ad io -ac t ive nuclei cannot be appreciably shorter than the 
time i.'^ich must elapse between the exposure to neutrons and 
the measurement of the resu3t ing r a d i o - a c t i v i t y ; on the 
other hand the l i f e time rus t net be GO Icrg that the deca:" 
vcXe i s neg l ig ib le , ^iiese cc r r i de ra t i c r f normally l imi t 
the usefulness of the technique. With present e lec t ronic 
techniques, i t i s f eas ib le to measure l i f e times of the 
order of 10 sec. In p r a c t i c e , however, l i f e times of 
the order of 10'° sec. only have been repor ted . The upper 
limiit for any accurate determination on there very 
ccr-Bideraticnc crnnct be more than 10^ y r s . 
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The r a d i o - a c t i v i t y i s detectfi,ble in meXij v^ aj-s* 
( i ) Geiger counters have e f f i c i en t ly "been used for the 
detect ion of ?, - rays of energies suf f ic ient to penetra te 
the window of the counter; with considerahly smaller 
eff ic ienciesf ^-^ counters have also been used to detect 
"/' r a d i a t i o n s , ( i i ) Electro-meters and ionizat ion 
chambers have a lso been used for the de tec t ion of 
r a d i o - a c t i v i t y (c,-. c- y- r a d i o - a c t i v i t y ) . In both these 
methods the ^ - a c t i v i t y i s detected v ia the electron prod-uced 
by these r ad i a t i ons in Compton process , pa i r production, or 
pho to -e l ec t r i c process . And sometimes* to increase the 
p robab i l i ty of electron production by any of these processes* 
a sheet of heavy element as I»ead or Bismuth, i s interposed 
between the source and the de tec tor , ( i i i ) S c i n t i l l a t i o n 
counters and electron mu l t i p l i e r s * ^he development of these 
new techniques has proved of imrense value in the detect ion 
and measurement of r a d i o - a c t i v i t y . With these methods, 
knowing the efficiency of the detec t ing u n i t , the readings 
can be d i r e c t l y ca l ibera ted in terms of the neutron-f lux. 
Indium and Manganese have frequently been used for the 
ca l ib ra t ion of neutron sources by measuring the induced 
r a d i o - a c t i v i t y of these elements. 
The usefulness of the nBthod of a r t i f i c i a l 
r a d i o - a c t i v i t y i s l imi ted to the measurement of the 
in tegra ted neutron f lux. Variat ion in techniques have been 
incorporated by various -worJrers to su i t individual-
requirements. Cne of the ? eric up hr^pdicp.ps tc I t s 
.A^ 
usefulness as rn absolute flux measurnrs nethod lier: in 
tlie I'r^ct tl:.-:t the insur t i cn of the absor'ber in to the 
neutron flux causes pe r tu r t a t i on of the flux intended to 
he measured and, as such, the induced r a d i o - a c t i v i t y i s not 
an exact measure of the t r u e neutron flux obtaining in the 
absence of the ahsorher. These effects have been discussed 
by Bothe ( l943) , and expressions have been derived for 
correct ing the observed a c t i v i t y for t h i s e f fec t . Another 
l im i t a t i on to the r a d i o - a c t i v i t y measurement a r i ses from 
sel f -absorpt ion in the source, The e r rors a r i s ing from t h i s 
effect are qu i t e serious for (K-axid & -emit t ing nuc le i . 
In some cases the correct ion f ac to r s , derived on the bas is 
of the absorption co-e f f i c ien t s of these rad ia t ions in 
d i f fe ren t elements, suf f ice . Besides, ishecever i t i s possible 
to obtain r ad io -ac t ive nuclei in gas form, t h i s effect can 
be t o t a l l y got r i d off, 
The Sziiard-Qhalmers reac t ion (l934) finds a special 
pos i t ion among the methods of detect ion using a r t i f i c i a l 
r a d i o - a c t i v i t y . 5'rom a chemical s tandpoint , nuclear 
transmutations can be c l a s s i f i ed under t-sro categories* 
( i ) Reactions T^iich produce a change in the atomic number 
such as (o(. , n ) , ( n, d ) e tc . type and ( i i ) the reac t ions 
wfiiich r e s u l t in the production of i so top ic nuclei such as 
( n , y ) or ( d , p ) , I t i s in the case of the second type 
of reac t ions tha t S2iiard and Chalmers showed the p o s s i b i l i t y 
of separat ing the r ad io -ac t i ve isotope from non-radio-act ive 
ma te r i a l . 
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In the Bohr model for a nuclear r eac t ion , the ta rge t 
nucleus receives the incoming p a r t i c l e and forms a compound 
nucleus idiich i s In an excited s t a t e , ^ e n t h i s nucleus 
e i ther r e tu rns to the ground s t a t e "by emitt ing one or more 
photonsf or transr.utes i t e s e l f into a d i f ferent nucleus by 
©nitting a proton or a neutron. Wiien the compound nucleus i s 
formed hy the capture of a slow neutron i t s energy of 
exci ta t ion i s near ly equal to the binding energy of the 
neutron, This energy, in the (n , / ) reac t ions i s given out 
"by the emission of one or more photons, '^e Sgilard-Qhaimers 
technique taJfces advantage of the fac t tha t the emission of 
y - r a d i a t i o n s by the compound nucleus causes a r e c o i l of 
t h i s nucleus; the r e c o i l energy i s usual ly suf f ic ient to 
disrupt the molecular bond. The separated rad io-ac t ive nuclei, 
under favourable circumstances* can be chemically separated, 
with e f f i c ienc ies as high as 100 p . c . Specific processes for 
d i f ferent substances hav3 beer worked ut by several workers 
(See for exa^aple, MoKgy 1950 ; Broda 1950). The u t i l i t y 
of t h i s technique as a neutron detect ing method i s , however, 
subject to a l l the l i m i t a t i o n s tha t go with t he methods of 
a r t i f i c i a l r a d i o - a c t i v i t y for measuring the neutron f lux. 
Phntngra-nhir! i^i lBJonfl and Clmid rthatnhftr detet^torg; 
Photographic emulsions and Cloud Chambers have been among 
the most useful too ls for the study of nuclear reac t ion . 
Both these devices have the property that the path traversed 
by a charged p a r t i c l e appears as a v i s i b l e t rack and, under 
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faTOuralJle condi t ions , i t i s poss iMe to extract almost 
a l l the useful information aTsout the ionizing p a r t i c l e * i t s 
energy, ve loc i ty , mass, charge e t c . from t h i s t rack . 
In p r inc ip l e the working of Taoth the techniques i s 
the same; the photographic emulsions can be regarded as a 
continuously s e n s i t i v e , h igh-pressure , Gioud Chamber. 
Owing to the differences in t h e i r modes of operat ion, 
esaulsions and Gioud Qhambers can be regarded as complementary 
instruments . 
Detection of the neutrons by these instruments i s 
effected through the media of nuclear reac t ions induced by 
the neutrons in niiich one or more charged p a r t i c l e s are 
emitted. Besides, emulsions have a high concentration of 
hydrogenous mater ia l and as such the neutrons can also give 
r i s e to proton r e c o i l s vAiidti would produce a recognisable 
track in the emulsion, A r e s t r i c t i o n i s imposed on the use 
of t h i s method by the fact that the proton r e c o i l energy 
va r i es with angle and therefore , an exact knowledge of the 
d i r ec t ions of the incident neutron and tha t of the r e c o i l 
proton with respect tc the former i s a necessary prelude to 
the appl ica t ion of the method. 
In emulsions proton t racks can also a r i s e due to 
the capture of thermal neutrons r e s u l t i n g in the reac t ion 
H -f- n-^C^ '*^ . p ^ i c h has a cross sect ion o~- i^f^ x/o cJt> 
The s e n s i t i v i t y of the emulsion de tec tors for thermal neutrons 
can be g rea t ly enhanced by the addit ion of some Boron or 
Lithium (preferably enriched in B and Li respect ively) to 
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the emulsion. The (n,o(.) reac t ion with Boron 10 and 
Lithium 6 nuclei makes i t poss ih le to measure even small 
neutron fluxes with r e l a t i v e l y high accuracy. (See for 
example, Shapiro ahd Barnes 1948 ; Biau e t . a l . 1950), 
The main disadvantage in the use of photographic 
emulsions a r i s e s from the short rahge of the chargeJpar t ic les 
in them. Besides* the use of microscopes with the emulsions, 
maJtes the job of obtaining any useful information from them 
a labor ious and time-consuming one. 
The Cloud Chamber i s comparatively free from these 
shortcomings inherent in the emulsions. But a l imi t i s put 
on i t s usefulness by the fact that the ef fec t ive sens i t ive 
period for any Cloud Chamber i s only a small f ract ion of the 
t o t a l time for idiich i t i s working. All the reac t ions that 
lead to the eject ion of a charged p a r t i c l e can be used for 
neutron de tec t ion by a Cloud Chamber. A recent monograph by 
Wilson ( l95 l i summarises the recent developments in cloud 
chamber techniques. Because of the sens i t ive t ime-factor 
inherent in a l l cloud chamber operations i t cannot be used 
e f f i c i en t ly in any neutron measurements, excepting those 
concerning the study of individual events. 
^ R l n t n i a t i o n ^QuntSTf^ » ^n recent years the development 
of s c i n t i l l a t i o n techniques and electron mul t ip l i e r s have 
revolut ionised the techniques of measurement and detect ion of 
the elementary p a r t i c l e s . In p r inc ip le any react ion can be 
used as the bps is for a neutron de t ec to r . The widest use has , 
however, befin made of the reac t ions leading to the emission 
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of y-rays. The detection of charged par t ic les can also he 
effected with electron multipliers, "^ he sc in t i l la t ion 
technique has successfully heen applied to the detection of 
slow and thermal neutrons (Ihickworth e t . a l . 1980). This 
technique takes advantage of the fact that for slow and 
10 7 
thermal neutrons the B ( n , o*^  ) I»i reaction leads mainly 
to the Lithium 7 in an excited s ta te ( of energy 0.48 Mev). 
The prompt y-rays result ing from the de-excitation of the 
Lithium 7 can he very easily detected. I t may he pointed out 
that the sc in t i l l a t ion technique i s , hy far, the most 
efficient detector of the y-rays« In these detectors solid 
Boron can he incorporated in the Phosphor it-^self, the 
quantity heing limited only hy the consideration of 
penetrabil i ty of the 0.48 Mev / - r a y s . The efficiency of 
these detectors, therefore, can he made very high. With the 
introduction of liquid Phosphor the potent ia l i t ies of this 
technique have heen vastly increased. 
Scint i l la t ion detectors are inherently particle -
detectors and as such find great use in the detection and 
studies of individual events. In contrast to the techniques 
discussed ear l ie r , sc in t i l l a t ion techniques can he efficiently 
u t i l i sed for short-time fluctuation studies. Another important 
advantage that th i s technique possesses over a l l others 
l i e s in"the fact that pulses from these detectors have very 
fast r i s e and short decay times and in certain cases intervals 
-9 
as short as 10 sec. can he easily measured with the help of 
some phosphors. 
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lon iza t ion Gham'bers and ^Proportional Qomaters* These two 
instruments* find Tsy far t he grea tes t nuraber of adherents 
"because of ease of handling the associated e lec t ron ic c i r cu i t ry 
as compared to tha t for s c i n t i l l a t i o n de tec tors and absence 
of a l l the disadvantages tha t go with the a"bove-mentioned 
r a d i o - a c t i r i t j measuring techniques. In addit ion to whatever 
other d i s t i n c t i v e p roper t i e s such de tec to rs may possess they 
have the advantage in cojnmon with s c i n t i l l a t i o n de tec tors 
(over t he e a r l i e r mentioned methods of detect ion) tha t they 
can "be used for the de tec t ion and study of individual events* 
as well as the short time f luc tua t ions , ^he e a r l i e r discussed 
methods, on the other hand, are inherent ly t ime- in tegra t ing 
devices. 
An ioniza t ion chamher,(and l ikewise a proport ional 
counter) i s e s s en t i a l l y a current measuring device such that 
the current i s d i r e c t l y proport ional to the ioniza t ion 
created in the gas volume of the chamber, Energetic charged 
p a r t i c l e s , ishile passing through matter lose energy by 
co l l i s i ons with the const i tuent atoms of the mat ter , r e su l t i ng 
in the production of ion iza t ion , The speci f ic ion iza t ion , thus 
produced depend on the ve loc i ty and charge of the p a r t i c l e s and 
the atomic number of t he element through i^ ich i t passes . 
Bethe has given the following r e l a t ionsh ip between these 
parameters and the spec i f i c ionizat ion J p . 
-1 
U) + s 
t' ' 
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isSiere ^ i s Ayagadro* s no, , ze is the charge of the part iclei 
2 and A are the a ta i ic no. and the atomic w e i ^ t respectively 
of the material in which the interactions take place r^ is the 
classical radius of the electron { = e^/mgC^), mgc2 ia the 
rest energy of the electron, 1^ i s the ionization potential 
of the outer shell of the atom, r and s are diraensionleas 
constants depending upon the atomic structure and ^ - X- , 
' c 
Squation (l) indicates tha t , for a given velocity the primary 
specific ionization i s independent of the mass of the 
ionizing par t i c le , hut i s proportional to the square of i t s 
electr ic charge* In other words, the ra t io J / z^ i s the 
same function of the velocity for a l l par t i c les . Since the 
velocity of the par t ic le is a function of p/m { or S/m ) , the 
ra t io J ^ z^ depends only on p/ra ( or S/m ) , Evidently, the 
ionization i s , for par t ic les of the sane energy, a function of 
the mass of the pa r t i c le , such tha t , the heavier part icles 
produce more ionization than the l ighter ones. Ag such, any 
device, ^ i c h reflect* the proportionality of ionization faith-
fully, can he efficiently used for the discrimination hetween 
the par t ic les of different masses. This proportionality is 
very much altered for very high energy par t ic les i f> "^ 1 ) and 
discrimination hy ionization detecting devices hecomes less and 
less feasihle. 
Ionization chambers and proportional counters make use 
of th i s very property in detecting and counting different types 
of pa r t i c les . I'roportional counters possess an added advantage 
over the ionization chamher in as much as the*gas amplification'. 
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in the chamlDer i s mrde use of^  such tha t the r e su l t i ng output 
pulse from the cham'ber i s muc/> asiplified (often by a factor 
of 10 ) , yet remaining porport ional to the primary ionization 
produced "by the p a r t i c l e . Unlike G-M countersf these 
devices do not have a;iy dead time, ^he theory of the 
operation of these devices has "been worked out "by many 
authors (see , for example, Korff 1946 ; Wilkinson 1950» 
Rossi and Stauh 1949). 
Ioniza t ion chamhers and proport ional counters have 
"been successfully adapted to the detect ion and measurement 
of neutrons. All the r eac t ions tha t involve the prompt 
emission of a charged p a r t i c l e can be adapted to the 
detec t ion of neutrons through the ion iza t ion produced by 
the emitted charged p a r t i c l e in an ioniza t ion chamber or a 
proport ional counter, Th# reac t ions most commonly employed 
in the detect ion of slow neutrons by ioniza t ion chambers and 
proport ional counter^ are * 
Q ( in Mev) ^Thermal 
( i ) B^^H- n —, L i^ -^ He4, 4-2.787 3330 x 10'^^ cm2 
-j- 2.34J 
( i i ) L i ^ - ^ n —» H^ 4-He^ + 4.63 S60 x 10-24 ^^ 2^ 
( i i i ) U^^l-j- n —'Fiss ion , 549 x lO'^"^ cm2 
(iv) Recoil protons by the e l a s t i c co l l i s i ons of neutrons 
as they pass through hydrogenous ma te r i a l . 
%ie coige of the reac t ion to be employed i s mainly 
dependent upon the use to -s^ich the detector i s put . Of the above 
l i s t e d r e a c t i o n s , the f i r s t th ree find t h e i r use in nautron-
flux-measurements; ^ e r e a s the l a s t mentioned react ion finds 
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a place of Importjince in neutron-energy-determination work. 
The f i r s t uhree reac t ions are not qu i te su i t ab le for neutron 
energy measurements "because a l l of them respond to thermal 
neutrons r ead i ly , vdrereas t he i r cyoss-sections for neutrons 
of energies ahove a few kev. do not follow any smoothly 
varying pa t t e rn . Recoil charaberst on the other hand, do not 
get any place of importance in experiments involving neutron 
flux determinations "because of the low cross-sec t ions for 
e l a s t i c c o l l i s i o n s . Besides, at energies lower than a few 
kev, r eco i l chambers cannot "be u t i l i z e d p ro f i t ab ly . 
The B^^ (n,'50 Li reac t ion finds the widest use in 
neutron flux measurements. The cross-sec t ion for na tura l 
Boron (containing 18,8 p . c. Boron 10 and 81.2 p . c . of Boron l l ) 
i s very high { CTZ; 740 x lO'^^om^ ) for thermal neutrons 
(Boron 10 detectorsifollow the l / v law). The cross-sect ions 
for the th ree reac t ions are also given ahcve and the advantages 
of using react ion ( l ) are ohvious. Besides, the ahundance of 
the des i rab le isotope in the na tura l elements i s h i ^ e s t for 
Boron (Lithium 6 occurs 6 p . c . in na tura l Lithium and Uranium 
238 forms only 0,7 p . c . of na tura l ^ r ^ i u m ) . 
Boron can "be used in ionizat ion chambers and 
proportional, counters e i ther as a coating on one of the 
e lectrodes ( in the cy l indr ica l geometry counters on the 
cathode only) or as a su i t ab le gas in the chamber. Boron 
does not form too many gaseous compounds. Boron Tr i f luor ide , 
however, i s t he most s tab le gaseous compound of Boron known. 
Thus, even though Boron Tr i f luor ide i s a tox ic gas, i t has 
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•fceen widely used in neutron de tec t ing chambers. In Cosmic 
Ray neutron inves t iga t ions t proport ional chamtiers f i l l e d 
with Boron Tr i f luor ide have "been widely used "both for slow 
and fas t neutrons - the l a t t e r being detected by these 
chambers af ter being slowed down in a moderating medium 
surrounding the chamber. Such an arrangement i s generally 
known as a p i l e , Hanson and MoKibben,{l947) have given 
arrangements of BP_ proport ional counters embedded in a 
moderator, tha t are uniformly sens i t ive to neutrons of 
energies from 10 kev to 3 Mev, 
C H A P T E R I I 
DESIGR MB THE COHSTRUCTIOH 0? THE COUNTERS 
I^esign Parajneterg of t h e BF P r p p o r t i o p a l Counters 
I t i s d e s i r a b l e t o have a BP^ chamTser with t h e 
fo l lowing c h a r a c t e r i s t i c s ! 
( i ) High e f f i c i e n c y t 
( i i ) High s t a b i l i t y , 
( i i i ) Uniform p u l s e h e i g h t s - so as to make t h e 
e f f i c i e n c y de te r ra ina t ion pose ih l e* 
( iv ) Good d i s c r i m i n a t i o n , 
Korff ( l946) h a s shown t h a t t h e e f f i c i e n c y of a 
p roper t ioneJ . counter i s given "by 
(,a; c - 1 - e >* " 
% ^v % . d , 
ndieres L = Loschmidt no. ; p = p r e s s u r e of t h e gas i n the 
chamber; 
C% = c r o s s - s e c t i o n for t h e r e a c t i o n B^^ ( n ,o(. ) L i • 
d . t h e pa th l eng th of t h e r a d i a t i o n through t h e 
diafflber u s u a l l y put equal to the diajneter of 
t h e chamber for c y l i n d r i c a l geometry. 
The e f f i c i e n c y f- can be i n c r e a s e d by i n c r e a s i n g t h e 
p r e s s u r e of t h e gas in t h e chamber and t h e diameter of t h e 
chamber, L i m i t a t i o n s on t h e i n c r e a s e of t h e diameter of t h e 
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chajnber a r i s e mainly from physical considera t ions . Thus 
big diameter chamTaers iDecome cumbersome and unwieldy. Again 
the requirements ( i ) and(tv) faTOur a high pressure of the 
gas whereas ( i i ) and ( i i i ) requi re a low pressure , "^he 
actual pressure of the gas , the re fore , i s governed hy the 
following considerat ions * 
(a) A lower l imi t to the pressure i s set by the 
requirement that the c<'s prodTaced in the nuclear 
d i s in t eg ra t i ons of the nuclei by the neutrons 
should spend almost a l l t he i r energy in the gas 
Tolume of the chamber, so t ha t an ef f ic ient 
discr iminat ion between the d i s in tegra t ion 0^*5 
and the biggest ^ *s produced by the / - r a y s 
may be poss ib le 
(b) The impurity factor which increases with the 
pressure se t s the upper l i m i t , 
Therefore, a compromise i s always resor ted t o , 
depending upon the use to vtiich these counters are put, J'or 
cosmic ray work, for vtolch these counters were primari ly 
intended the s t a b i l i t y requirement i s of greater importance 
than efficiency requirements. 5'or working with laboratory 
sources efficiency considerat ions are general ly given 
preference over those of s t a b i l i t y . The o(.'s produced in the 
B^^ { n,o(. ) l>i react ion have got ranges of the order of 1 cm 
in a i r at atmospheric pressure , I'or the condition ( a ) , the 
minimum pressure of the gas therefore i s approximately 25 cms 
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of Hg pressure , taJcing the diameter of the counters to he 
35 cm. aJid asBUming the same stopping cross-sect ion for the 
gas BPj as fot Ctr. 
Several papers have appeared on thf construction of 
Boron * r i f luo r ide proport ional counters, (f Tunicl i f fe 
1950 J Cocconi-Tongiorgi e t . a l , 1950) , All these 
descr ibe a metal counter f i l l e d with Boron 2?rifluoride 
enriched in Boron 10. Pr imari ly because of the non-
a v a i l a b i l i t y of the glass- to-metal sea l s in India» and 
secondly because of the ease of operation of g lass counters 
and the g lass f i l l i n g system, i t was f e l t des i rab le to 
construct glass-envelope Boron Tr i f luor ide chambers. Lead 
g lass has been used in the construction of these counters , 
as i t does not contain any Boron, the usual mater ial in hard 
g lasses . 
I t has been shown by inves t iga t ions carr ied out at 
the Oa>c Ridge (Bossi and Staub 1949) that the i n s t a b i l i t y 
in the proport ional counter c h r r - c t e r i s t i c s i s due to the 
presence of ' po i sons ' tha t increase with t ime. These 
'poisons ' are j u s t any e lec t ro-negat ive gas which gives r i s e 
to the phenomenon of electron attachment in the gas volume 
that governs the f ina l output pulse ffom the chainber. 
Evidently the counters in which these 'po isons ' are ever on 
the increase would show a marked i n s t a b i l i t y in the i r 
c h a r a c t e r i s t i c s with t ime. I t has been shown by Wilson e t . a l 
(l950) tha t the presence of exygen as small as 1 in 10^ in 
the vehicular gas at a pressure of a few atmospheres 
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de t e r io r a t e s the counter c h a r a c t e r i s t i c s considerably. In 
a glass-enTelope BF^ chamher, iDesides oxygen, there should 
not be even t r aces of v.ater or hydro i lor ic acid. I f water 
o 
vaifurs are present , Boron ^ r i f l uo r ide i s pa r t l y hydrolized 
"Wf M leading to the formation of hydrofluoric acid -
The hydrofluoric acid r eac t s with the glass leading to the 
formation of Si l icon Te t ra f lo r ide , a highly e lect ro-negat ive 
gas» and t h i s impurity increases with time as water i s also 
l i be ra t ed from the glass viien the Sicl icon 3'etrafluoride i s 
formed. Clearly, the pur i f i ca t ion of the gas deserves the 
highest importance in any construct ion of BP„ proport ional 
counters* 
Cocconi-Tongiorgi e t . a l . (l950) have shown that i t 
i s poss ib le to obtain good s t a b i l i t y and plateau 
c h a r a c t e r i s t i c s even at h i ^ pressures - a condition for high 
efficiency - by using a thick cent ra l wire as the anode. 
They have shown tha t the survival p robab i l i ty of an electron 
in i t s t r ave l frora the point of i t s production to the 
centra l wire i s given by 
{^) P = ex? Y 
-p. ,2 4.7 X 10 " 2 ('^ - ^) R 
~ ^ . p"* In _ 
2 V r 
wtiere : P = pressure of the gas ; E z cathode diaroeter ; 
r • anode diameter ; v = po ten t i a l applied acrose 
the counter. 
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poss ib le , before SQ i s closed, and then the follo?/ing 
schedule i s observed s 
1, The counters are sealed to the manifold and 
evacuated to high vacuum. The hea te r s are put on the 
counters and the temperature ra i sed to about 250° C - a 
higher temperature en t a i l s the r i s k of t he wall collapse of 
the counter, '*^ile baking, pumping i s continued t i l l / i t 
becomes evident tha t the evolu^'Uon of the gases has 
stopped as shown by the ioniza> on gauge, 
2, Pumping i s continued u n t i l a high vacuum of 
the order of or be t t e r than 10~'^  mm. of mercury i s reached; 
Tsfaile the counters dw allowed to cool to the foom temperature 
G q q s , S^ is/r S7 are ke-ot open and 3Q i s kept 1* 2* 3» ^ » 5, Of ' - o 
closed, Trap Tj ig always kept surrounded by Liquid a i r , 
3, Sg.'S-jtS^jSgtS,^ are then closed. Sg i s then 
opened and the complex pumped for about ha l f an hour ishile 
heated to about 220*^  C, 
4, A freezing-mixture i s then put around the t r ap T 
(dry ice i s recommended) and l iqu id a i r around Tg, Tiie 
complex temperature i s then ra ised to about 250° C, Some 
BJ d i s t i l s into t rap T^. This d i s t i l obtained for a few 3 *^ 
minutes i s r e jec ted and pumped out by removing the l iqu id air 
from t rap Tg, 
5, S ,S_ and S are then closed and S opened, 
1 5 5 ' 
The temperature of the complex i s r a i s ed to around 320° G, 
Tstoen a vigorous evolution of the gas takes place* 
6, A cer ta in estimated amount of BF^ ( a l i t t l e more 
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than tha t required for f i l l i n g the counters) i s col lected 
in the rese rvo i r R- (as indicated "by the pressure of the 
ma;noineter M^ knowing the volume of the container) The 
temperature H ig then removed from the complex container C 
and after some cooling of the complex, Sg ig closed. 
7. Liquid a i r brought around t rap ^p ; BP-
l i q u i f i e s in T . s and Sg are opened. As the BF3 ig 
l i q u i f i e d the system i s pumped for ahout 15 minutes to 
ohtain a high vacuum. 
8. Sg i s again closed. '?he frozen BP^ allowed to 
evaporate and get col lected in the rese rvo i r R. 
9. Liquid a i r i s put around t r ap ^2 • ^6 ^^ opened 
and a hard vacuum i s created. 
10, Steps 8 and 9 are repeated one af ter the other 
several times and f ina l ly the frozen BP^ ig obtained in t rap 
Tg. A hard vacuum i s created. S, is cC^sed. 
11, ^he seal of the Argon flask i s broken and a l i t t l e 
Argon allowed to get in to the reservoi r B by opening S^, 
Then S^ i s closed and t h i s Argon i s allowed to enter the 
system and the counters by opening S^ and S^, Counters and 
the system thus flushed with Argon are again evacuated to a 
high vacuum. ^1 i s closed, 
12, Argon i s allowed to enter t he counters. By 
adjust ing the S and S^ the r e q u i s i t e pressure ( 5 ems of Hg) 
of Argon i s introduced in the counters, S and S are closed, 
13, The l i q u i d a i r t rap a t T^ ig removed and Sg ig 
opened. The counters are f i l l e d with Bff^  t i l l the t o t a l 
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pressure of 50 cms. of Hg i s read on the manometer Mg, 
14. Sg i s closed. Liquid a i r i s •brought around 
t r ap ^2 a^d the remaining BP^ l i q u i f i e d in the t rap and from 
there to a s torage pending re-comhination with ether . 
15. The counters are then sealed off and removed 
from the f i l l i n g system. 
Ho special precaut ions , other than those mentioned 
in the schedule were taken, except those compatihle with 
good vacuum techniques. Conventional stop-cocks were 
employed and a l l the t r a p s could he taken apart for 
cleaning. Stop-cocks and t r ap ground glass j o i n t s were 
greased very sparingly, Dewar f lasks used in t h i s 
construction procedure were "built from Pyrex glass tubes , 
The viiole f i . l l ing system pictured in the 5'ig,3. was b u i l t 
with Pyrex g lass tubing. 
The counters thus prepared were housed in a su i tab le 
aluminium tuhing and provided with a highly insula ted 
terminal for the anode on one of the ends of the tubing. 
These counters were t e s t ed for t h e i r c h a r a c t e r i s t i c s in the 
following way * 
The g lass in aluminium counter was put in a paraffin 
moderating block. Tjie cen t ra l anode was connected to the 
input of the cathode follower by as short a lead as poss ib le . 
The output of t h i s cathode follower was coupled to the input 
of a Jordan-Bell type of l i nea r amplifier (Atomics Linear 
Amplifier Model 204 C). The di f ferent knobs of t h i s 
ajaplifier were adjusted to give a mjtximum gain 64, an input 
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temperature (dry ice temperature i s recommended for "best 
u s e ) . The p o s s i M l i t y of t r aces of water remaining in the 
gas volume i s taken care of, lay heat ing the counters a t 
around 250° G,, for an hour before the f ina l f i l l i n g , The 
chemical separation of the SiP^ from the BP^ i s affected 
t h r a u ^ the formation of ethyl e thera te ©£ the gas. 
2 CgHg .O.CgHs ^ BP3-^BP3 . 2 { C^ Hg )^.0, 
The commercial Boron Tr i f luor ide i s f i r s t dissolved in ether 
over mercury, r e s u l t i n g in the formation of Boron 
Tr i f luo r ide -d i -e thy l e the ra t e . As the reac t ion i s 
exothermic, i ce mixed with s a l t i s put around the ether 
container (5'ig,2 a ) . 
The ether complex thus formed i s then mixed with a 
previously dried calcula ted amount of calcium f luoride when 
the complex Calcium Boroflorate i s formed l i b e r a t i n g the 
e ther . 
CaFg-f BP3 .2 0{C2H5)2-^2 GgHg. 0. C^ Hg ^ CaFg . BF^ 
This reac t ion i s qu i te vigorous i f carr ied out at a 
temperature of about 100° G ^ i t h constant evacuation (Fig,2 b) 
The complex i s thoroughly dried "by keeping the heat on i t for 
several hours and pumping i t simultaneously. The Calcium 
u 
Borofljorate thus obtained i s put on the f i l l i n g system 
(Fig,3) The complex i s then out-gassed at 180° C for about 
16 hours . This process r e s u l t s in a very l i t t l e l o s s of BF . 
The complex i s then allowed to come down to room temperature 
labile the pumping i s continued to obtain as good a vacuum as 
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Cocconi-^ongiorgi e t . a l have constructed counters f i l l ed with 
BF^ gas at as high a pressure as 1.5 atmospheres* shomng 
s t a b i l i t y and plateau charac te r i s t i c s» with efficiency as 
high as 30 p,c<, They have used a 10 rail, tungsten wire as 
the anode. 
COMSTRUCTIOE OF THE QOUmmS s 
In d&f'^erence to the above considerat ions the 
counters described here are s l i g h t l y dif ferent from the 
counters of Cocconi-'^ongiorgi and ^un l c l i f f e . ^he d e t a i l s 
of counter construct ion are shown in I'ig, !• 3?he counter 
envelope ( l ) i s constructed from a-Lead g lass tubing of 
external diameter 1,5. inches; i t s over -a l l length i s 
21 inches, ^he g lass tubing i s thoroughly washed with 
chromic acid before s t a r t i n g the construction of the 
counters . The cathode (2) has an in te rna l diameter of 3.5 cms 
and i s 18 inches long with platinum leads (3) sealed to the 
g lass envelope. The anode consis ts of a 3 roil.wire of 
tungsten (4) with platinum leads ( 5 ) . The glass sleeviugs (6 ) 
have been put on the anode leads to define the ac t ive 
length of the counter which i s kept s l i ^ t l y l e s s than the 
cathode length . At one end of the counter i s provided a gas 
f i l l i n g J i n l e t tube (v ) . The counter* thus constructed QLTC 
throughly washed with 6 H and then with 1 ^ n i t r i c acid. 
Several washings with d i s t i l l e d water then complete' the 
cleaning process . Immediately a f t e r the washing the counters 
ftTe connected to a vacuum system, and pumped dry. %en they 
are comp]feetely dry the counters are beJced at about 250° C 
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under constaJit evacuation for several hours , ^he stop-cock 
at the pump i s then closed and few cms. of Hg pressure of 
hydrogen i s introduced in the counters . The counters are 
kept in the hydrogen atmosphere at the "baking temperature 
for a few hours . After t h a t , they are pumped to as hard a 
t> 
vacuum as i t i s poss ih le to ohtain. 5'oll|wtng t h i s the 
stop-cock at the pump i s closed once again snd a few cms. 
of Kg pressure of hydrogen i s again introduced aJid the 
tesxiperature i s removed from the counters to allow them to 
cool down to the room temperature in the atmosphere of 
hydrogen. This process r e s u l t s in a thorough cleaning of 
the counters* and a bright surface of the cathode i s 
obtained. Besides the cooling of t he counters in the 
atmosphere of hydrogen ensures against any possible 
ailsorption of oxygen in the glass walls or the cathode 
element, 
jgjiclfication of Boron Tr i f luor ide gas t The important 
impur i t ies associated with commercial Boron Tr i f luor ide gas 
are ( l ) Si l icon Tet ra f luor ide , (2) Hydrofluoric acid and 
(3) oxygen. Of these the Si l icon Tetraf luor ide presents the 
toughest job of removal. Qaemical separation of the two 
gases has been only pa r t l y successful , 5'or removing the 
l a s t t r aces of the Si l icon Tetrafluoride,) use i s , however, 
made of the difference in bo i l ing-po in t s of the two gases 
and the separat ion i s affected through a repeated f rac t ional 
d i s t i l l a t i o n . Hydrofluoric acid i s reuoved by passing the 
gas through a tower of fused Sodium Sluoride kept at a low 
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time constant of 0,16 L. sec. and a minimum feed-l)ack. The 
discr iminator output was fed to a fas t scal ing uni t 
(Huclear I n s t , and Chemical Gor, % d e l 162 - modified for 
receiving pos i t i ve p u l s e ) . The out-put of t h i s scaling uni t coo^ 
used to der ive a mechanical r e g i s t e r , The source was kept 
at a d is tance of about one meter perpendicular to the 
counter axis and shielded with ahout 6 crtis, of I»ead a l l 
around. The plateau and b ias c h a r a c t e r i s t i c s were drawn of 
the four counters . Of the 4 counters coupled to the manifold 
at one time th ree turned out to he s a t i s f ac to ry and the i r 
p la teau and "bias curves are given in 5'igs, 4f 5 & 6, The 
counters show a plateau length of about 100 vo l t s with a 
slope of approx, 5 p, c. in the whole region. The slope may 
he due to the end effects of the counter. Within l imi ts* 
the counters show a s im i l a r i t y of c h a r a c t e r i s t i c s . 
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C H A P T E R I I I 
TMPIEAJURE STUDIES OF (ILASS.BNVELOPB HEUTRQI? QQimTilRS 
In cosmic ray s tudies i t i s highly des i rab le that 
the counters ejchihit a consistency in t h e i r cha rac t e r i s t i c s 
not only with time hut under varying conditions of 
atmospherics, ' ^ e change in the c h a r a c t e r i s t i c s of the 
counters can a r i s e in several ways» one of the most common 
heing the "temperature effect" of the counter. As such the 
temperature dependence of the coun te r -cha rac te r i s t i c s has "been 
inves t iga ted for these counters. 
Por Boron T-pifluoride proport ional counters the 
temperature effect was f i r s t reported hy Goodwin and lona 
(1952). Their conclusions were, however, not very sa t i s fac to r i ly 
supported hy t h e i r experiments. I»ockwood e t . a l . (l954) 
improved upon these ear ly r e s u l t s and removed the amhiquity, 
f ixing the effect as due to the counter hehaviour. In "both 
the cases brass envelope counters were used. Sow Boron 
Tr i f luor ide i s a toxic gas and^f i t does react with g l a s s , 
the counter character iet ic* would change with t ime, as the 
reac t ion with the g lass r e s u l t i n g in the formation of 
Si l icon Tet raf luor ide l i b e r a t e s water. BP^ reac t s with water 
r e a d i l y , l i b e r a t i n g hydrofluoric acid isdiich in turn 
produces Si l icon Te t ra f luor ide . The process being 
cumulative, the amount of SiP^would increase with t ime, 
r e s u l t i n g in a continuous d e t ^ r a t i o n of the counter 
c h a r a c t e r i s t i c s . I t i s known, however, tha t the Bi?^  
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chamlaers do not exhi"bit any change of char act e r i s t i c s at low 
temperatures* 
% e experinjental arrangement used for t h i s 
inves t iga t ion i s out l iaed in ^ i g . ? . ARa-o(.^Be source was 
placed under four cms. of lead al3sor"ber to a t tenuate the If-
r ad i a t i ons from the source. Oyer t h i s absorber was placed 
« water tank containing water to a l eve l of 5 cms, from the 
bo t tom. The water leve l was fixed at 5 cms. a8 i t was 
seen tha t the counting r a t e ( Cd difference counts ) showed 
the l e a s t va r i a t ion with change in water leve l a t t h i s 
l eve l of water. Besides, the counting r a t e as a function 
of t he water l eve l showed a broad maxima around t h i s point , 
The counter was placed over t h i s arrangement such t h a t the 
source was v e r t i c a l l y below i t at i t s centre at a d is tance of 
90 cms. (anode to centre of the source) . Oyer the counter 
was slipped a cy l indr ica l oven \'diich had a Tiercury thermo-
reg^^ilator on i t s oody -iTCapoed ua5-er a thick asbaatos sliast, 
j^lie s e n s i t i v i t y of the thar-no-ra.j^il-tor y^as ap:oroxi?n-t3ly 
measured to be ± 0,5° C, on a l l the ranges of temperatures 
reported here? the s e n s i t i v i t y was b e t t e r at higher 
temperatures* however.The effect was invest igated for one 
counter only and in the range 20° to 60°G. The investigation 
was carr ied out twice for the same temperature range. In 
the f i r s t cycle the b ias and t h e plateau curves for three 
d i f ferent temperatures in the above range were obtained, 
The observations are tabulated in Tables I , I I & I I I and the 
relevant curves drawn in i ' igs. 8 & 9, 
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I S T . TEHP, CYOLE 
IJSiPBRAXTOS 
E.H.T . on 
t h e c o u n t e r 
2900 
2860 
2815 
2770 
2730 
2690 
V o l t s 
n 
II 
II 
M 
II 
TEMPERATURE 
p.n° P 
C o u n t i n g ra t< 
( w i t h c d j 
/ m i n . 
144 i 6 
127 ± 6 
113 ±- 6 
117 ± 6 
113 ^ 6, 
9 1 ± 5, 
20° C 
. 9 
. 5 
. 2 
. 2 
, 2 
. 5 
D i s c r i m i n a t o r C o u n t i n g Rat 
B i a s (X>ial ( w i t h c d . ) 
S e t t i n g ) / m i n . 
10 
15 
20 
25 
30 
35 
40 
50 
60 
70 
80 
V o l t s 
II 
M 
fl 
M 
H 
H 
II 
It 
H 
N 
932 ± : 
192 i 
135 t 
125 i 
113 i 
109 i 
103 ^ 
98 ± 
90 i* 
80 t 
77 ^ 
17.6 
8 , 0 
6 , 7 
5 .0 
6 . 2 
1,8 
1 ,5 
2 . 4 
4 , 2 
4 . 5 
5 , 1 
TABLE 1 4 
DISGRIMIHATOR BIAS 
B C o u n t i n g r a t e 
( w i t h o u t cd) 
/ r a i n 
1451 i 2 2 . 0 
1362 i 2 1 , 0 
1235 -i 1 5 . 7 
1202 i 20 .0 
1199 ± 2 0 . 0 
1148 -t 19 .6 
TABLE I B 
E.Ha 
;e C o u n t i n g R a t e 
( w i t h o u t c d . ) 
/ m i n 
3109 * 3 2 . 2 . 
1852 * 2 4 . 8 
1465 t 2 2 . 1 
1255 ± 2 0 . 5 
1212 t 2 0 , 1 
1195 ^ 2 0 . 0 
1184 ^ 1 9 . 9 
1107 t 1 9 , 2 
1008 i: 1 8 . 3 
968 ^ 18 .0 
860 t 1 7 . 2 
- 25 V(DIAL SETTING) 
Cd d i f f e r e n c e 
c o u n t i n g r a t e 
/ m i n 
1307 i 2 3 . 0 
1235 i 22 .0 
1122 ^ 17 .0 
1085 ± 21 .0 
1086 ^ 21 .0 
1057 ± 2 0 , 3 
-T. 2800 V o l t s 
C d , d i f f e r e n c e 
c o u n t i n g r a t e 
/ m i n 
2177 * 3 6 . 7 
1660 i 2 6 , 1 
1330 t 2 3 , 1 
1130 t 2 1 , 1 
1099 ± 2 1 , 0 
1086 ± 20 ,0 
1081 * 2 0 . 0 
1009 :!^  1 9 , 4 
918 t 1 8 , 8 
888 * 1 8 . 5 
783 ^ 17 ,8 
TMPJSRATlSJm 48° C 
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IST« TiaaP* CYCLE 
TABLE I I A. 
DISGRIMIUA^OR BIAS (DljUi SITTIITG) 25Volt£ 
E,H.T. on 
the counter 
2900 Volte 
2860 " 
2815 " 
2770 " 
2730 " 
2690 " 
2650 • 
2610 " 
Counting rate 
(with cd, ) 
/min. 
150 ^ l.i 
151 * 6.6 
111 * 6.1 
110 ±6.1 
107 t 5.9 
100 * 5.8 
78 i- 6.2 
78 * 6.2 
Counting Rate 
(without cd.) 
/min. 
1497 * 22.5 
1354 ^ 21.3 
1254 * 20 .4 
1194 * 19.9 
1164 * 19.7 
1118 t 23.6 
976 ir 22 ,1 
868 ± 29 .4 
TABLE I I B. 
Cd.I>ifference 
count ing r a t e 
/ i D i n . 
1547 t 25.4 
1223 * 22.2 
1143 ^ 21.3 
1084 * 20.9 
1057 i 20.6 
1018 ^ 24.5 
898 t 22.9 
790 t 30.1 
TElffERATURE 48<^C 
^ d i s c r i m i n a t o r 
B i a s ( D i a l 
S e t t i n g } 
10 V o l t s 
15 " 
OQ " 
50 " 
5 5 '•' 
AC " 
r,r '. 
60 " 
7C " 
80 " 
C o u n t i n g r a t e 
( w i t h c d . ) 
/ m i n . 
1099 t 
2 8 2 i 
184 t 
i l l ^ 
i i £ * 
P7 * 
iCO t 
P5 * 
7f * 
70 t 
1 0 . 5 
6 , 8 
6 . 1 
5 . 1 
A.7 
4,r 
A, A 
/ , A 
'^.1 
5 . 6 
4 . 8 
£.H< 
C o u n t i n g r a t e 
I w i t h o u t c d . / 
/ m i n . 
3 1 3 8 i 
1 9 1 5 i-
1508 d-
12C0 * 
ircr * 
116A + 
1x17 r^  
i P o P * 
^5^^ ^ 
r / r :#• 
777 i: 
1 7 . 7 
1 9 . 5 
1 7 . 2 
16 ,C 
x .^ .^ 
-1 K <" 
i '^.C 
1 ^ . ^ 
1 5 . 6 
1 5 . 1 
1 6 . 1 
T . 2800 V o l t s . 
C d . d i f f e r e n c e 
c o u n t i n g r a t e 
7 min. 
2059 
1 6 3 1 
1 5 2 4 
il^-C 
i c r 7 
1C^2 
ic ::o 
rce 
^ /to 
7 7 1 
707 
± 
± 
± 
± 
dr 
± 
it 
* 
t 
dr 
i 
2 0 . 6 
2U.7 
1 6 . 2 
IC.C 
l ^ . n 
x 6 . 0 
x ^ . 5 
1'". C 
1 5 . 6 
1 6 . 8 
60^ 
t h e counter 
DISCRIHISATOR BIAS 
. ^ o t e Counting r a t e 
Counting r a t e (wi thout cd. J 
(witii CO../ /mn^n-
/ _ 4 VJ 
Cd*difference 
count ing r a t e 
/min« 
TSIPERATyRE 60° ^ 
D i s c r i m i n a t o r 
B ia s i'^\^ 
S e t t i n g ; 
^ ^ ^ ^ - ^ * * ^ E.H.T. 2800 Vol 
20 
25 
30 
35 
40 
50 
60 
70 
n 
n 
^99 ± 5 . 3 
109 * 5.2 
97 t 4.0 
91 i 4 .5 
80 * 4.0 
86 * 4 .2 
76 "t 3.6 
59 i- 3 .4 
48 * 3 . 1 
43 4 3.8 
Counting r a t e 
(wi thout cd.i 
998 i 14 .1 
858 * 13 .1 
771 i 12.4 
658 t 12.8 
610 ^ 14.3 
525 * 9-3 
574 t lO*'? 
442 * 9 .4 
351 * 8.4 
277 * 7.4 
Cd. d i f f e r ence 
counting r a t e 
799 tt 15 .1 
749 * i4« l 
674 i- 13,0 
567 ± 13,5 
530 * 14.9 
439 ^ 10.2 
498 ^ l l . S 
383 ^ 10.0 
303 ^ 8.9 
234 ^ 8.4 
OS OP 0£ 01 
i^-i 
S3miV^3dNll INJdSJJ/Q- It/ ^JA^flD St/19 
6-DIJ 
09 05 O-P' 0£ Ot 
i^-i 
S3miV^3dNll INJdSJJ/Q- It/ ^JA^flD St/19 
6-DIJ 
^BiNnoo -3H1 s^Oi/:y\/ '1 H 3 
^H'A 006Z 008 Z OOLZ 009'Z 
•OOP-
SJ^niVd3dN3l ±N3>i3JJin XV SBAdflD Cv . t^ "^ . 
^BiNnoo -3H1 s^Oi/:y\/ '1 H 3 
^H'A 006Z 008 Z OOLZ 009'Z 
•OOP-
SJ^niVd3dN3l ±N3>i3JJin XV SBAdflD Cv . t^ "^ . 
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5Vom Tables I , I I & I I I and the curves (^igs.8&9) i t 
i s evident tha t the counter c h a r a c t e r i s t i c s do not exhibit 
any marked va r i a t ion beyond the s t a t i s t i c a l l imi ts* upto a 
temperature of about 50° 0 upto •shich the counter shows 
approximately a constancy in the gas amplification and 
p ropor t iona l i ty c h a r a c t e r i s t i c s (as i s exhibited by the 
constancy in t he s lope, length , and the threshold of the 
plateau and the b ias curves) . The l i t t l e change t h a t i s 
apparent in the curves a t 48° C as compared to those at 20° C 
may be q u a l i t a t i v e l y accounted for on the bas is of ( i ) the 
s t a t i s t i c a l f luc tua t ions in the counting r a t e s and 
poss ib le change in geometry - as the neutron source -was 
removed af ter completing the measurements at each temperature 
s e t t i ng ( i i i ) a d i s t o r t i o n of the f ie ld due to the expansion 
of the cent ra l wire . However, at 60° C there i s a sudden 
and marked change in the slope and the threshold of the 
plateau and b ias curves. Besides, the in t eg ra l counting 
r a t e decreasect by a factor of about two, This decrease can 
not be accounted for on the bas is of s t a t i s t i c a l f luctuat ions 
and s l i ^ t geometry changes. As the neutron spectrum and 
the detec tor-source geometry i s not changed only some 
cliange in the counter i t s e l f can account for t h i s decrease 
at 60 °C, 
The counter was then alloT,'ed to cool overnight. Th© 
b ias and the jilatesAi curvee were redrav.n. They v/ere found 
comaprable in s lope, length and threshold to the ones 
obtained before subjecting the counter to the temperature 
cycle . However, the in t eg ra l counting r a t e had 
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permanently changed to a new decreased value. Eyidently, the 
gas amplification of the counter has Tseen affected T3y 
heat ing the counter to 60° G, 
5he fact tha t the effect observed ahove i s of a 
permanent nature nont of the simple mechejiisinswhich might 
hold good for a counter a t a h i ( ^ temperature can account 
for the observed phenomena even q u a l i t a t i v e l y , I n order to 
obtain a more decis ive answer on the poss ib le adsorbed gas 
mechanism the counter was subjected to a second cycle of 
temperatures in the same range as above, ^he in tegra l 
counting r a t e v a^s obtained as a function of time at several 
temperatures in the range of 20° to 60° C. Besides» to 
check upon the e lec t ro-negat ive nature of the evolved gas» 
readings were also ta}cen in the presence of a 100 Zuc / - r a y 
source (Ea|ballet) placed in contact with the outer she l l of 
the oven over the counter c-t i t s cent re . I t nc^/ \~:e pointed 
out here t h r t the d.a1:a cf tj-^ e f i r c t + tipperc,tlire cycJ.o 
rupcrtec. atcvc v^at cbt&irec within three hcur£: ef each 
s e t t i n g of the temperature. J^ he da ta for the second cycle 
of the temperature va r ia t ion i s presented in Table IV, 
The second set of observations reveals tha t there i s 
gome d e f i n i t e decrease in the counting at each temperature 
s e t t i ng , The magnitude of the decrease in the counting rate 
i s dependent upon the temperature as also the length of the 
period for vAiich the counter i s subjected to the temperature. 
Counting r a t e s in the presence of the ^ - r a y source do not 
show much difference from those without the source within 
s t a t i s t i c a l l i m i t s . This condition preva i l s r i g h t upto 60° C« 
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I l f ld TEMPERATURE CYCLE 
TABLE IV 
E .H .T , on t h e C o u n t e r - 2 8 0 0 v o l t s ; I > i s c r i m i n a t o r BiasCl^ ia l s e t t i n g ) J 
Time 
I n t e g r a l Coun t ing R a t e / m i n , 
i n PRESENCE o f R a - s o u r c e 
I n t e g r a l Coun t ing R a t e / m i n . 
i n JiBSENCE of t h e R a - s o u r c e 
Temp i n igf^th Cd. Wi thou t Cd. C d - d i f f e r e n c e With Cd. Wi thou t Cd. Cd-d i f fe ra i 
^ ^ s , Thim-blo Thim-ble T h i m b l e Thim\)le 
on on 
^A&L Lhl LaL^(W La) id) io.) . fd) 
3 1 . 5 ° C i . 5 1 1 2 ^ 4 . 7 
2 . 5 104*4 .6 
3 , 5 1 0 0 ^ 4 . 5 
5 .0 104^4 .6 
9 1 9 ^ 1 3 . 5 
9 3 4 - 1 3 . 6 
9 1 0 i l 3 . 4 
845*13 .0 
6 . 5 106*4,6 8 4 5 i l 3 . 0 
8 0 7 * 1 4 , 4 
8 3 0 * 1 4 , 4 
8 l 0 t l 3 . 8 
741*13 .8 
7 3 9 * 1 3 , 8 
106*4 .6 
1 0 2 ^ 4 . 5 
106*4 .6 
9 3 5 ^ 1 3 . 5 
8 9 9 * 1 3 . 4 
8 8 3 * 1 5 . 3 
9 8 * 4 . 1 8 6 7 * 1 3 . 2 
9 8 * 4 . 4 867*13 .2 
829*14 .4 
797*14.1 
777*14 .1 
769±13.8 
769*13.9 
4 1 . 5 ° C 0 , 5 107*4 .6 9 0 9 £ l 3 , 5 8 0 2 * 1 4 , 3 1 0 6 ^ 4 . 6 9 0 7 * 1 3 . 5 801*14.2 
1.5 107*4 .6 8 8 5 t l 3 . 3 7 7 8 * 1 4 . 1 1 0 1 * 4 . 5 8 9 2 ^ 1 3 . 3 791*14 .1 
2 . 5 100*4 ,5 841*11 ,9 741*12 ,7 9 7 ^ 3 , 7 670*'13,2 773^13.7 
3 , 5 8 9 * 4 , 2 8 6 0 t 8 , 8 7 7 1 * 9 , 8 1 0 0 ^ 4 , 5 8 4 2 ^ 9 , 2 742*10.2 
6 , 5 9 5 * 4 . 4 8 3 1 * 9 . 1 7 3 6 * 1 0 , 1 102*4 .5 848*13 .0 746^13.6 
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I l n d TilMPERATURE C^OLB 
TABLE I T (conbd) 
E . H . T . o n t h e C o u n t e r - 2 8 0 0 v o l t s ; D i s c r i m i n a t o r B i a s l ^ ^ i a l s e t t i n g ) 
I n t e g r a l C o u n t i n g R a t e / m i n . I n t e g r a l Coun t ing R a t e / m i n . 
i n PRESENCE o f R a ~ s o u r c e j n ABSENCE of t h e R a - s o u r c e 
Time With Cd. Wi thou t C i . With Cd.Without Cd. Cd-d i f f e rem 
Tengv i n Th imble Th imh le C d - d i f f e r e n c e ThirahXe 
H r s . on on 
( a ) Ch) ( a ) - (b) ( c ) (d) (c ) - (d) 
51»5**C 0 , 5 106*4 .6 9 5 0 * 1 3 , 8 8 4 4 * 1 4 . 5 115*4 .8 8 6 9 ± 1 2 . 2 754^- 14 ,0 
" 1.5 1 1 5 t 4 . 8 8 9 4 * 1 3 . 4 7 7 9 * 1 4 . 2 lO l i -4 .5 922*13 ,6 821 t i 4 . 3 
3 . 2 5 1 1 1 * 3 . 3 8 9 9 i 9 . 5 7 8 8 * 1 0 . 1 111*4 .7 8 9 3 * 1 3 . 4 782 ^ 1 4 , 2 
5 . 5 l l l * - 4 . 7 8583^ 7 , 6 7 4 7 * 8 . 9 9 6 ^ 4 . 4 8 2 8 * 9 , 1 732 * 1 0 . 1 
60?C 0 . 0 106*5 .9 827 i ' 16 .6 7^1*17.6 
1,0 9 3 t 5 , 6 8 0 4 ^ 8 , 0 7 1 1 * 1 7 , 3 
2 .0 7 5 t 5 , 0 7 8 9 ^ 1 6 . 2 714^17 ,0 
9 , 5 89 i ' 4 .7 6 5 3 * 1 8 . 1 564^^18.7 
11 .0 » 642** 8 . 1 
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I l n d TEMPERATURE CYCJLE E 
T^LE Y (a) 
E.E.T 2800 V. 
^Discriminator 
B ias i^aX 
s e t t i n g ) 
in V o l t s 
10 
15 
20 
25 
30 
35 
40 
50 
60 
Count: 
with I 
on th( 
i 
181 
138 
118 
106 
94 
8 1 
80 
67 
6 1 
ing r a t e / m i n 
^d.ThimlDle 
5 counter 
i a ) 
^ 7,7 
- 6.G 
- 6 .5 
i 5,9 
i 5,6 
^ 5 , 2 
i 5 .1 
i 4.7 
* 4 .5 
Counting r a t e / m i n 
v/ithout t h e Cd. 
Thimble 
(h) 
1196 
1026 
878 
827 
776 
748 
703 
549 
495 
+• 
+ 
+ 
+ 
t-
;^ 
1 
i 
20.0 
18.5 
17 .1 
16.8 
16 .1 
15.8 
15,3 
13.5 
12.9 
Cd-dif ference 
count ing ra te /min (a) - h) 
1015 
888 
760 
721 
682 
667 
623 
482 
434 
t 
-+ 
-t 
1 
+ 
t 
i-
t 
+ 
21.4 
19.4 
18.2 
17,6 
17,1 
16.6 
16.2 
14.2 
14.6 
l i ^Lg V (1?) 
-Discriminator Bias 
E,H.T a c r o s s 
t h e co\},nter 
2900 
2860 
15 
2770 
2730 
2690 
Vol t s 
II 
11 
II 
It 
II 
3 25 V. 
Counting r a t e / m i n 
wi th Cl-Thimhle 
(a) 
75 * 5.0 
91 * 5.5 
95 t 5.6 
79 i" 5 .2 
71 t 4.9 
47 ^ 4.0 
Counting - a te /min 
wi thout Cd-Thimhle 
(o) 
778 
843 
ec4 
732 
60S 
480 
i 16 ,1 
t 16.8 
t i e . 4 
t 15.6 
t 14.2 
t 12.7 
Cd,difference 
counting Rate/ 
(a) - (h) 
703 t 16.8 
752 i l*?.^ 
711 * 17.3 
653 * 16,4 
531 ^ 15,0 
433 ^ 13.3 
INTEGRAL COUNTING RATE MlH. 
Os U | ^ Ckl 
L "^- i»i l>i 
X W O 
n r> r> o 
INTEGRAL COUNTING RATE MIN. 
U 
3 r*^  
cO CA 
1^  i^  
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The observations at 60° C were repeated next day; a 
s imilar "behaviour was evldcrit for the firDt fe-.v hours. 
After keeping the counter at a temperature of 60° 0 for four 
hoursf readings for the plateau and Mas curve were 
obtained. Though the b ias curve did not show any-
appreciable change the pla tesu seemed to have been shifted 
up (Table V), The counter was maintained a t 60°G for about 
l i hours in a l l . When the t o t a l period of hect ing at 60^ ^ C 
reached rbout 7 hcurc the i r tegral . countir{:,: TL.te hecaT 
chcv«irt_, a ucvvi:v/ard trerc-. At the end of about 12 hours of 
heat ing the counting r a t e had dropped by as much as 30 p,c« 
This time dependence of the in tegra l counting r a t e i s 
brought out in S'ig 10. 
The temperature was removed and the counter was 
allowed to r e s t , '^ine hours af ter pu t t ing off the 
temperature, the counter was showing a complete absence of 
p la teau , besides a decreased integral- counting r a t e . When 
the counting r a t e s were obtained in the presence of a "^^-ray 
source the i n t eg ra l counting r a t e decreased rapidly t i l l i t 
vanished completely. On increasing the 1.H.T, on the 
counter i t would give a few counts and then stop again. 
On removal of the 7^-aource the counter recovered to the 
previous decreased counting r a t e s in about 20 minutes. Another 
i n t e r e s t i n g phenomena observed was tha t the counting r a t e en 
dJiy voltage s e t t i ng was dependent upon the sequence of E.H.T 
for which the readings were obtained. The behaviour of the 
counter, the re fore , was qu i t e unpredic table . And t h i s 
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remained so even af ter 36 hours of removal of the 
traiperature. After r e s t i n g for ahout 60 hours at room 
temperature the counter showed signs of recovery and when 
the "bias and the pla teau curves were redrawn a complete 
re turn to normalcy was ohserved. At t h i s point the effect 
of the /"-rays was again inves t iga ted and i t was found 
tha t as before the effect was not present or a t "best was 
within the l i m i t s of s t a t i s t i c a l dev ia t ions . 
- ^ l -
C H A P T I R IV 
Bisajssioi 
^e observations r e r e a l the existence of two 
d i f ferent types of phenomena • ( i ) -An i r r e v e r s i b l e effect 
of the temperature as indicated "by the observations on the 
f i r s t cycle of temperatures, ( i i ) a r eve r s ib l e phenomenon 
as indicated by the observations on the second temperature 
cycle, 
T In both the cases the re appears to have been a 
reduction in the ef fec t ive gas amplif icat ion; in the former 
case the cause of the reduction of amplification becomes a 
permanent fea ture of t he counter and in the l a t t e r case 
there i s some sor t of a r eve r s ib l e phenomenon which gives 
r i s e to a change in the gas amplif icat ion, the former 
pos i t ion being res tored af te r a few days of r e s t at room 
temperature, The ajnplification fac tor for proport ional 
counters has been computed by Rose and Korff ( l94l) under 
cer ta in assumptions, ^ e y have shown tha t the gas 
amplif icat ion may be given by 
L^J) A -
# ie re ": p = gas pressure j a = the anode dia^ieter ; 
b = cathode diameter; V^ = threshold po ten t ia l ; 
Y - applied po ten t i a l ; K s a constant 
cha rac t e r i s t i c of the 
gas. 
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'•The paraJneters that clian^e -fritii teiriperatixr3 and included in 
t h i s a.iiation are the pressure p , the aJiode diameter a a;nd 
the term log "b/a* I'ockwood e t . a l (l954) have inyest igated 
the effects of t h e various fac tors on gas-awpli f icat ion, 
and they conclude tha t the observed decrease in the counting 
r a t e can be explained only on the bas is of a change in the 
compostion of the gas mixture ins ide the counter. 
Yet another v/ay in ^ i c h the amplif icat ion may get 
a l t e red and for a l l p r a c t i c a l purposes even lowered can 
a r i s e due to the s lag produced in the cent ra l wire at a 
high temperature. Due to the s lag the f ie ld gets 
des tor ted considerably. The problem of the s lag C3-n be 
considered as a var iant of the problem of eccentr ic 
e lec t rodes . %.e problem of eccen t r i c i ty has been t rea ted by 
Rossi and Staub (l949) \ih.o find 
^) 6Jti./'ii = 4, a Zi / b2 
TB^ere s o E ig the change introduced in the e l e c t r i c f ie ld 
S due to the eccen t r i c i t y of the cen t ra l wire, a and b are 
the anode and the cathode rad ius respec t ive ly and A i s the 
eccen t r i c i ty introduced in these counters* considering the 
ideol case of the '.-vhole wire being eccentr ic by an amount 
equivalent to the s lag introduced at 60° C in the centra l 
wire i , e. 
1/2 
A ^ i 1 / 2 ) ( | < t ( 2 + -..t) ] 
~i . 52 eras. 
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This would then r e s u l t in 
0.0015 X 2*5 
hE/i, = 4. —. •— X 0.52 
( 1 . 8 ) 2 
•^ 24 X 10 
With t h i s change in the f ie ld the change introduced in the 
gas amplification i s of the order of a few p . c . This i s for 
the ideal case of the sh i f t of the whole wire pa ra l l e l to 
the axis of the cylinder* ^or the temperature effect of 
the counters reported here the amplif icat ion gets reduced 
due to a s lag in the middle of the anode only, Clearly, 
t h i s small change cannot account for t h e d r a s t i c reduction 
in the counting r a t e in the counter. This process however, 
may account for the ofc^erOd change in the slopes of the 
curves* 
The alsove considera t ions , i n t e r a l i a , assume a 
consta;it composition of the gas mixture. I f , however, a 
source of some e lec t ro-negat ive gas i s assumed such that 
t h i s gas comes out in the volu-^ie of the counter on heing 
heated an explanation of the observed effects i s poss ih le . 
I t i s also poss ib le that two d i f ferent gases are evolved 
so as to account for the r eve r s ib le and i r r e v e r s i b l e 
phenomena. Besides, the assumption of two gases i s needed 
to account for the observed fact tha t a f te r the f i r s t 
cycle of temperature there i s a permanent change in the 
counting r a t e and yet the presence of a y- ray source 
does not affect the counting r a t e s in the Und Temp, cycle 
at temperatures l e s s than 50° G, Ihiring the second 
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temperature cycle at 60° G the effect of the Y-vay source 
i s f e l t a f ter the counter has heen suhjected to the 
temperature for about 8 to 10 hours . Wilson e t , a l . ( l 950) 
have ^owi tha t the presence of oxygen as small as 
1 in 10^ of the main gas at fe^ atmos. pressure affects the 
gas amplif icat ion in the proport ional counter region, Ag 
suchj even a sinall amount of some e lec t ro-negat ive gas 
evolved out on heat ing would he able to explain the two 
phenomena reported he re . Lockwood e t . a l . (l954) surmise 
tha t the impur i t ies might have got into the counter 
volume during the f i l l i n g process. 2^ hey assume the 
formation of a film by the e lec t ro-negat ive gas» probably 
Sil icon Tet ra f luor ide , on the inner surface of the counter 
wail wherein i t l i e s in a sort of adsorbed condit ion. But 
i t i s d i f f i c u l t to imagine any adlsorbed gas coming up so 
eas i ly at 60° 0 -sifliile showing no signs of evolution upto 
a temperature as high as 50° C, A t e n t a t i v e m.echanism i s 
discussed below to explain the observed phenomena. 
The 'po isons ' tha t may be present in these counters 
are water vapour, oxygen, Si l icon Tet ra f luor ide , 
u 
hydrofijoriG acid vapours and any decomposition f luor ine . 
Traces of water can be there as l e f t -ove r s from the 
washings of the counters. Besides, the glass i s also 
known to give out water vapours Tafeen heated under vacuum. 
Oxygen i s also given out by the glass on being heated under 
vacuum. Oxygen adsorbed in copper would also be evolved on 
heat ing the counter. The baking of the counters, however. 
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at about 250° C under constant evacuation for several 
hours ensures against any p o s s i M l i t y of the oxygen and 
water vapours coming out at tamperatures as low as 60° C, 
The hydrc^uoric acid through removed considerably by 
passing the gas through ^a^ tower can s t i l l be there in 
t r aces because of the toxic nature of th-^ ^ gas. As the 
pur i f ied Boron Tr i f luor ide gas comes in contact with 
grease, which though present in very small quant i ty , 
hydrofluoric acid i s l i ke ly to be produced in a small 
quant i ty . This hydrofluoric acid then reac t s with the 
g lass envelope as also the copper at the cathode. The 
inner surface of the g lass being considerably porous 
(because of baking at high temperatures under constant 
evacuation) i s devoid of a l l water. This g lass then 
reac t s with hydrofluoric acid giving Sil icon Tetraf lucr ide 
without l i b e r a t i n g any water, thus ensuring against any 
p o s s i b i l i t y of an inde f in i t e process of increase of the 
'poisonl This SiP^ or a major par t of i t Tna,y not be 
evolved in any big ainount immediately -and may remain for 
a l l p r a c t i c a l purposes embedded in the glass at 
temperatures up to 50^ C. The temperature at vAiich the 
evolution of the 'poison ' takes place i s probably 
dependent upon the t o t a l pressure of the gas inside the 
counter. Once t h i s gas i s evolved from the stir face no 
mechanism i s known to get t h i s back into the g l a s s . The 
Sil icon Tet ra f lucr ide gas i s Jcnown to be highly 
e lec t ro-negat ive and the loss of electrons produced in 
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the primary ioniza t ion "by the oC-particles due to the 
electron capture "by t h i s gas i s re f lec ted in an amplified 
form in the outward pulse , This tha i can account for the 
permanent decrease in the in t eg ra l counting r a t e observed 
at 60° C of the f i r s t temperature cycle. 
To explain the revers ib le phenomena an assumption i s 
to he made regarding the existence of e i ther a preferen t ia l 
adsorhtion hy glass or copper or a r eve r s ib l e chemical 
reac t ion . The preferent ia l^by glass or copper i s not 
supported by the fac t s known about the two mater ia l s . 
There is» however, the p o s s i b i l i t y of a chemical reaction 
T!*iich might be able to explain the r eve r s ib l e phenomena. 
Hydrofluoric acid i s known to react with copper sparingly, 
further reac t ion being checked by the layer of the copper 
f luor ide . 
2HP -e Cu - ^ Cu^g -e Hg 
This cupric f luoride i s known to d i s soc ia t e revers ib ly into 
cuprous f luor ide and f luor ine 
The d issoc ia t ion i s vigorous at h i ^ temperatures only, but 
at the pressures exis t ing in these counters the 
d issocia t ion might s t a r t even at lower temperatures. 
Perhaps i t i s correct to assume a slow but de f in i t e 
d i s soc ia t ion of the cupric f luor ide at temperatues as low as 
60 C, Fluorine caii also be imagined to a r i s e from, the 
d i ssoc ia t ion of iJoron Tr i f luor ide gas as a r e su l t of 
heat ing . But Boron Tr i f luor ide i s known to be thermally a 
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stable gas and one not affected by the passage of a spark 
through i t (Booth and Martin 1949) . This f luorine ca;n 
then account for the l o s s of amplification observed at about 
60 C in the second cycle of temperature measurements. The 
behaviour of f luor ine i s probably d i f ferent from that of the 
Sil icon Tet ra f luor ide . I t io seen in the f i r s t cycle of 
of temperatures that af ter the permanent reduction in the 
in t eg ra l counting r a t e had set in at 60° G, the presence of 
the y - r a y source did not produce any observable change in 
the counting r a t e as shown by the observations in the 
beginning of the 2nd cycle measurements, ^n the other hand, 
at the end of the second cycle of temperatures the counter 
showed a remarkable change in t he counting r a t e in presence of 
the r ' - r ay source. Besides, the removal of the y-ray source 
resu l ted in a sort of recovery of t he counter. This 
phenomena oen be explained on one of the following assumptionsS 
( i ) ^ u o r i n e not only captures the electron but the negatively 
charged f luor ine atom taJces a f i n i t e time to de l iver i t s 
charge on reaching the centra,l wire, ( i i ) After del iver ing 
the charge the f luor ine atom remains in contact with the 
anode for a cer ta in period. On the f i r s t assumption the 
presence of f luor ine ionFA'educes the effect ive f ie ld in the 
amplification region of the counter. The second assumption 
however, amounts to making the space of amplification not 
avai lable to the electron for r u l t " p l i c a t i o n , A similar 
mechanism has been invoked by S«k*'*«*'*^ et, al ( '^^^ ) to 
explain the effect produced on Boron Tr i f luor ide proportional 
counters on being exposed to a source of y - r a d i a t i o n , the 
counter being worked "at a considerably higher potential . 
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S U M M A R Y 
A method of construction of glass-envelope Boron 
5'r if luoride proport ional counters ho-s "been deBcribed, A 
number of such neutron counters were succeEf^fully 
constructed in the labora tory . Tjie method of construction 
of the counters allo-wed a good r ep roduc ih i l i t y of 
c h a r a c t e r i s t i c s of the neutron counters, ^he proper t ies of 
these counters were inves t iga ted . 
The temperature dependence of the cha r ac t e r i s t i c s 
of these neutron counters was inves t iga ted . This study 
revealed the exis tence of two processes of de te r io ra t ion 
of the neutron counterst one of them heing a revers ib le 
mechanism end the other an i r r e v e r s i b l e one. The t en t a t i ve 
explanation advanced to account for these two observed 
phenomena l i e s in the evolution of two di f ferent e l ec t ro -
negative gases . Two gas processes v?ere invoked to explain 
the two phenomena because of the di f ference in t he i r typesf 
and the observed effect of the presence of a y - r a y source 
on the neutron counting r a t e s . 
P A R T I I 
AH IlTVESTIGATIOir OS THl KSaTROIT PRODUGIFG 
RADIATIOF AT GULMARG (KASHMIR) 
IMTHQ^GTIOH 
Soon af te r t h e i r discovery in 1931 neutrons were 
searched for in Cosmic ^aje, I»ocher (l933) published some 
cloud chamber photographs -adiich for the f i r s t time indicated 
t he p o s s i h i l i t y of f inaing neutrons in Cosmic /Jays. 
J^aJahau^ and I'ocher 11936) reported a considerable increase 
in the proton t r acks in the p l a t e s exposed under paraffin as 
compared to those exposed unaer other mater ia ls as carbon and 
lead* A systematic study of the Cosmic ftay neutrons wast 
howerer, car r ied out by iunfer (i937) and an exponential 
inoreeuae in the i n t e n s i t y of the neutrons with a l t i t u d e was 
obtained* 
withyuas absorption co-ef f ic ien t and p as pressure a l t i t u d e 
( in atmospheres), iunfer obtained /U - 6,93/atm. for the 
i n t e n s i t y va r ia t ion from sea l eve l upto 2650 m. Scdiopper 
(1937) extended these measurements to a he ight of 18000 ra« 
A sharp increase in the i n t e n s i t y was obtained, thougji not 
as strong as would be expected on ^ n f e r * s law. J^orff's 
measurements (1939 atb), however, supportea tne findings of 
•%nfer with a value ^ - 6 . 5 / a t a . Agnew, b r igh t & -Proman 
(l946) using enriehed B j counters measured the neutron 
i n t e n s i t y upto 30,000 f t . and obtained jUs 6.3/atm. On 
the bas i s of the observed constancy of the co-e f f i c ien t s 
•'o-
- 4 7 -
for d i f ferent sh ie lds used by him a constancy in the 
energy spectruia of these neutrons upto the height of 
30,000 f t . was in fe r red . In Ind ia the f i r s t Cosmic (?ay 
neutron i n t e n s i t y measurements were car r ied out hy 
Qhatterjee (l940) and h i s conclusions were in hroad 
agreemnt with the above law, Recentxy Curt iss and i»ill 
(1952) have measured the ahs. m. f. p . for fas t neutrons 
o. 
uptolheight of 13,000 f t . in -liashmir and obtained a value 
of 128 gras/sq^cra. of a i r , showing thereby that these 
neutrons are in equilibrium with t h e i r producers upto tne 
mountain a l t i t u d e s . 
Bethej-K-orff, and jPlaczek (here inaf te r called B-K.P) 
have discussed the ear ly work at some length and they have 
formulated the t h e o r e t i c a l bas i s for these observations* 
% e diffusion probi©a has been discussed by i lugge (l946)» 
A source of d e f i n i t e but unknown s t rength has been ascribed 
to the atmosphere such tha t the densi ty of the neutrons at 
the moraent of t h e i r formation i s a function of the 
atmospheric pressure at t h a t po in t , ^hese neuti'ons then 
undergo a stopping process i . e . t h e i r ve loc i ty decreases as 
they t r a v e l fa r ther from the point of t h e i r o r i g in . 
Besides t h i s stopping process the diffusion phenomenon 
plays ah iiaportant r o l e in changing the pos i t ions of 
neutrons . Combining the two effec ts the equation governing 
the form of the a l t i t u d e va r ia t ion of the slow neutron 
i n t e n s i t y has been derived, "J^ his equation has since been 
C0BQ>letely ve r i f i ed by means of balloon f l i g h t s made to 
determine the a l t i t u d e va r ia t ion of tne slow neutrons (see 
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for exasiple i^ uan 1951 , ^av is 1950). 'She al)e.JB.f.p 
i s Icnown to vary witja l a t i t a d e (i>impson 1952) • % e 
exponential law as expected i s f a i t h fu l l y olseyed upto a 
h e i ^ t of about 20 cms, of iig, p ressure , '^e i n t ens i ty 
Ts« pressure he igh ts curves show a maxiiaa around 8,5 cms. 
of Hg, pressure and a rapid f a l l i n g off at higher a l t i t udes 
compatilsle with the secondary na ture of these par t ic les* 
Both the exis tence of maximua in the in tens i ty -he igh t 
curvesf as aiso a rapid f a l l of the i n t e n s i t y at heights 
al30ve 1 m.w.e. were predicted "by the ca lcu la t ions of ^ u g g e 
The B-K«P ca lcu la t ions have been rev ised , in the l i gn t of 
t he added information ava i lab le now » "by -^avis (l95o) and 
i 'a t t imore ( l 9 5 l ) . 
l ^ o u ^ the BKP theory e3cplained the observed slow 
neutron i n t e n s i t y var ia t ion with a l t i t u d e qu i t e wellf i t 
remained incomplete in as mucn as no provision was made 
for the mechanism responsible for neutron production. I'hat 
could not be done f i r s t l y because the processes contributing 
to the production of neutrons were not very well known and 
secondly because the dependence ot t hese processes on tne 
primary p a r t i c l e energy was not understood at a l l . Recently 
•Ml-essex {l95l) has attemptea to give a coherent p ic tu re of 
the e n t i r e Cosmic Hay phenomenon as i t develop* in tne 
atmosphere on the bas i s of the fac t s tha t have come to 
l i g ^ t r ecen t ly . 
A mass of evidence* in the meantime* has been 
co l l ec t ing yftiich ind ica ted a probable genet ica l r e l a t i o n -
ship amongst the d i f fe ren t Cosmic Ray phenomena observed 
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m the atsiospliere. J-n p a r t i c u l a r the a l t i t u d e r a r i a t i o n s 
of s ta rs* penetra tmti shoxoerst ^ctensiTe a i r showers* 
bur s t s and neutrons have been known to follow similar 
exponential laws with t he abs.m«i»p's . yery close to each 
o ther , '• '^his i s c l ea r ly brought out in the liable VI, 
TAa^E Vi 
Cosmic Sgy 
Phffl3omena 
Absorption m.f .p 
in a i r R e f e r e n c e s 
Pene t ra t ing 
%owers 
•Bursts 
S ta rs 
iieatrons 
1184 2 gms/cm^ Tinlot,^*^^ (l948) 
i;"3- gms/cin^ 
^ 178 gms/cra^ 
160 gms/cm 
140 gms/cm^ 
125 gras/cin^ 
150^7 gms/cHi^ 
135*4 gms/cBi^ 
128 gms/cm^ 
157f3 gms/cm^ 
( At 53° l-at.) 
fiossi ,&» ^1948 
l iu l s ize r , R.I. (l948) 
Siapsoa et a l ( l95 l ) 
i?erJcins,-0«H. (l949) 
i 'orster.H.H. (i950) 
George,-5-P. &(i949) 
«'asonfA»w. 
Bernardin et aX (l949) 
Curtiss,-l'»*'« ^(iQcp) 
Simpson (1952) 
156 gms/cm' Yuan,i'«C. U95l) 
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•^irect experiweatal erideuoe in support of the 
asauwption of genet ic r e l a t i onsh ip amongst the different 
Cosjaic I?ay phenomena lias come mainly from tiie inves t iga t ions 
car r ied out with photographic eraalsions and cloud chambers, 
'i'he observation of s t a r s in photographic emulsions exposed 
at mountain a l t i t u d e s for a few montiis by Bxau and Vambacner 
(JL937) provided the f i r s t evideiice of nuc lea r ,d i s in tegra t ions 
induced by Cosmic /?ays, Occhial ini and Powell U947) 
i n i t i a t e d sm extensive study of t he s t a r s and the s t a r -
producing r ad ia t ions using Improvea emulsions, Cloud 
chamber s tud ies of Cosmic ft ays suppletaented t h e information 
received from photographic emulsion p l a t e s , ^n p a r t i c u l a r 
i nves t iga t ions of high energy nuclear i n t e r ac t i ons and the 
subseque«t f a t e of the secondaries r e s u l t i n g therefrom were 
mitinly carr ied out with cloud daambers, Photographs v^ich 
have been obtained by Gregory and ^ in lo t ( l 9 5 l ) , Gregory and 
P r e t t e r (l946) and others provide convincing proofs of the 
close r e l a t i onsh ip ex is t ing between the d i f fe ren t components 
of Cosmic Radiat ion, 
Ion iza t ion bur s t s produced by Cogmic /?ays provide 
yet another method of study of the Cosmic-/?ay nuclear 
d i s i n t e g r a t i o n s . An extensive study of these burs t s was 
car r ied out by Bridge e t . a l . (l948) a t a height of 3,500 m, 
•An analys is of t h e i r da ta reveals tha t of the pulses la rger 
than 7,5 (A,e\A observed in e s ingle chamber only 2 p«c, are 
due to a i r showers and 98 p . c, to heavi ly ion is ing p a r t i c l e s t 
most of them or ig ina t ing presumably from nuclear d i s in t eg ra t -
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ions in the wails of the chamber. Bridge and h ie 
col labora tors l a t e r confirmed t h i s conclusion by placing 
the ioniza t ion chamber ins ide a cloud chamber and t r igger ing 
the cloud chamber so as to observe d i r e c t l y the events 
responsible for ionixat ion b u r s t s , 
Rossi (l948jl952) has summarised the information on 
d i f fe ren t Cosmic l^ay phenomena on the bas is of -adiich a 
coherent p i c t u r e of the ^ o l e phenomenon of the Cosmic 
l^d ia t ion as i t develop* in the atmosphere can be formed. 
At present i t i s presumed tha t a l l the Cosmic ^ay phenomena 
in the atmosphere can be t raced back to some nuclear 
d i s i n t eg ra t i ons ^ i c h are caused by the high energy primary 
Cosmic i^adiation and t h e i r energet ic secondaries and 
t e r t i a r i e s , ^ e missing l ink to account for the e lec t ronic 
and the photonic components of the Cosmic /?adiation has been 
provided by the discovery of neu t ra l 77 - mesons by Bjorklund# 
Crandallf ^oyer and York (l950) lAiich was fur ther supported 
by the evidence of Steinberger , Panofsky and S t e l l e r (l950)# 
These neu t ra l 77" - mesons are known to have a l i f e time of 
the order of 10 s e e s . , decaying in to two pijotons. 
Evidently fior any complete account of the Cosmic 
j^adiation as i t develops in the atmosphere i t i s e s sen t i a l 
to know a l l the parameters tha t govern the production of 
nuclear d i s i n t e g r a t i o n s together with the nature and proper t ies 
of the r e s u l t i n g d i s in t eg ra t i on products , ^oss i has 
designated the Cosmic ^ay component responsible for a l l the 
nuclear d i s i n t e g r a t i o n s - s ta rs* b u r s t s , pene t ra t ing showers 
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e t c . - as ^ - r a d i a t i o n azid in a l l the subsequent discussions 
Tselow t h i s nota t ion i s used. 
A gystematic study of the production of neutrons 
by Cosmic (^ays in d i f fe ren t elements was carr ied out by the 
Yale group, Montgomery and Tobey ( l95l ) using the elements 
dispersed in the moderating medium surrounding a neutron 
counter hare determined the neutron production r a t e s by 
Cosmic /^ays at sea l e v e l , They have shown tha t the 
d i s t r i b u t i o n of t he element in the moderator was such as to 
ensure a constant e f f i c ien t detect ion of the d i s in tegra t ion 
neutrons in these elements* 5^eir r e s u l t s indicated tha t 
the cross-sec t ions for the neutron production in di f ferent 
e lenents follow a A / law, 
That neutrons are produced in a l l nuclear 
d i s i n t e g r a t i o n s was f i r s t revealed by the study of s t a r s 
using photographic emulsions, The Cornell group l a t e r 
produced d i r e c t experimental proof in support of t h i s 
conclusion, Cocconi e t , a l (l95o) have shown tha t neutrons 
are always associated with the l oca l ly produced penetra t ing 
showers* Besides* the m u l t i p l i c i t y of the neutrons per event 
increases with the m u l t i p l i c i t y of the ioniz ing pa r t i c l e s* 
% to 17 neutron counters were discharged in individual 
events* Considering the low efficiency of the neutron 
de tec t ing system (o ,3 according to the authors) i t was 
concluded tha t an individual event i s occasionaJfy- capable of 
producing up to a few hundred neutrons, O^jyiously* such 
ah event cannot correspond to t he d i s i n t e g r a t i o n of a 
s ing le lead nucleus but must be the r e s u l t of a Itiaain of 
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nuclear i n t e r ac t ions each cont r ibut ing to the t o t a l number 
of neutrons recorded in the individual events . 
^ e experiments demonstrating the t r a n s i t i o n effect 
of the fi-radiation bring out more c lea r ly the existence of 
the chain of the nuclear i n t e r a c t i o n s . 5!his t r a n s i t i o n 
effect has been reported by various workers for the 
r ad ia t ion responsible for the penet ra t ing showers,stars* the 
ion iza t ion bu r s t s e t c , thus providing yet another proof of 
the close r e l a t i onsh ip between these phenomena, ^anossy 
and h i s co l labora tors reported the t r a n s i t i o n effect for the 
pene t ra t ing shower-producing rad ia t ion (Janossy 1942; 
Janossy and Rochester 1944; Broadbent and Janossy,1947). 
This work was further extended by George and Jason ( l950) , 
These inves t iga t ions exhibited the exis tence of a t r an s i t i o n 
maximum at around 100 gms/sq.cms. of lead and a l i t t l e 
higher for aluminium, for the pene t ra t ing shower-producing 
r a d i a t i o n . Uging an arrangement of the ioniza t ion chamber, 
the absorption of the burst-producing rad ia t ion was studied 
by l»indenberger and Meyer (1954). A t r a n s i t i o n maximum at 
about 1 cm. of lead was obtained from these inves t iga t ions . 
For carbon the t r a n s i t i o n maximum was shown to be a t around 
25 cms. ' The abs .m.f .p . for t h i s r ad ia t ion was calculated as 
320 4; 50 gffis/sq. cms. of l ead . The t r a n s i t i o n effect of the 
star-producing rad ia t ion using photographic emuslion has been 
reported by Bernardini et a l . ( ''^ •^ ) and more recent ly by 
Schopper e t . a l . ( l 9 5 l ) . A t r a n s i t i o n maximum at 1.2 cms. 
of lead and abs. m.f .p of 320 gms/sq.cms. above two cms. of 
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lead alssorfeer has "been reported by the l a t t e r workers* 
Simpson (l953) using neutron counters in a p i l e geometry has 
measured the absorption of the neutron-producing rad ia t ion in 
leadf obtaining an abs. m. f.p# of 128/sq.cms. of a iv and 
300 gms/sq«cms. of lead* Besides the existence of a 
t r a n s i t i o n effect for the r ad ia t ion was a lso indica ted . 
Trieman & longer (l952) using a b e t t e r experimental l a y - o u t 
confirmed the existence of the t r a n s i t i o n maximuia at about 
15 gras/sq# cms. lead . These values are in complete agreement 
with those obtained for s t a r s and ioniza t ion bursts* ^he 
pene t ra t ing showers also show the same order of abs* m.f .p . 
though the t r a n s i t i o n effect i s r a t he r of a d i f ferent order* 
The q u a n t i t a t i v e analysis of the t r a n s i t i o n effect 
has not been car r ied out so far in view of the complexity of 
the probiCTis involved. Even the q u a l i t a t i v e phenomenological 
explanation of t h i s effect i s beset with d i f f i c u l t i e s in view 
of th^e small value of t he t r a n s i t i o n maximum together with a 
high abs. m. f . p . 
^rom the above mentioned studied i t appears tha t the 
K-radiat ion or some par t of i t has got t he property of re leas* 
ing a l a rge number of d i s in t eg ra t i on producing p a r t i c l e s in 
individual nuclear in te rac t ions* enabling the development of 
nuclear d i s i n t eg ra t i ons in condensed mat ter . Besides* the 
fact tha t t he penet ra t ing shower-production eadiibits a 
t r a n s i t i o n maximum a t grea ter thickness of lead than tha t 
observed for s t a r production may a r i s e from the difference in 
the medianisms of the two phenomena or the difference in the 
energies of the p a r t i c l e s tha t cause the nuclear d i s in tegra t* 
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ions, I t may be pointed out here that the t ransi t ion 
effect for s tars has "been observed for the low pronged 
s tars only, no such effect having been reported for the 
bigger ones* 
AB low energy neutrons are always emitted in a l l 
types of nuclear disintegrations they can conveniently be 
used for any studies of nuclear interactions of Cosmic ^ays* 
I t has been known from esailsion studies that the size 
frequency distr ibut ion of the s ta rs i s dependent upon the 
energy spectrum of the ^-radiation only, at least up to 
mountain alti tudes* As such the average number of neutrons 
released in a nuclear interaction of Cosmic^ays i s direct ly 
proportional to the intensi ty of the ^-radiat ion. With an 
increase in the thickness of the absorber in which the 
nuclear interactions are taking place not only the number of 
the nuclear interactions of the i n i t i a l ^-radiation increasee 
but the energetic secondaries released in these interactions 
also produce a small but f in i t e number of nuclear 
dis integrat ions, thus contributing to the to ta l number of 
neutrons produced in the absorber. In the work reported here 
th i s increase in the neutron production ra te has been studied 
for a lead pla te by the ^-radiation ( i) unfiltered and 
( i i ) f i l tered through 280 gms/sq«cms# I t might be possible 
in th i s way, to determine the dependence of the nuclear 
interactions by Cosmic j^ays on the energy of the ^-radiations 
I t i s known from the emulsion studies of s tars that the 
H-radiation consists mainly of nucleons and jf - mesons 
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(the contribution "by the photon eompoaent and the yU-mesons* 
being negligibly small* T7ill not be considered in the present 
work). Any difference in the interaction properties of the 
71"- mesons from those of the nucleons would be reflected in 
the neutron production ra tes by the f i l te red K-radiation, 
With th i s end in riew a study has been made and the data are 
presented herewith for the neutron production rates in 
different thicknesses of lead plates by the unfiltered and 
f i l tered ^-radiat ions . Curves haTO been drawn for the to ta l 
production ra tes as a function of thickness of the lead 
plates for the unfiltered and f i l tered ^-radiat ions. 
•Analysis has been carried out to obtain (a) the interaction 
m,f .p , , (b) the abs. in«f.p. of the 1^-radiations. 
The interaction m.f.p. in a given material i s 
defined as the average distance an ^-ray goes through the 
material before giving r i s e to a nuclear disintegration. The 
abs. m. f.p.» or the attenuation length i s defined as the 
thickness of the material that reduces the intensity of the 
H-radiation by a factor i se . 
C H A P T E R - I I 
EXPERIMENTAL ARRAHGEMMT ^JSH THE METHOD Qg 0BS£RYA3?I0H 
Production of neutrons "by Cosmic Rays in d i f ferent 
elenjents has "been studied by several workers. Montfgomery 
apd Tobey ( l95l ) have carr ied out the inves t iga t ion to 
measure the neutron production r a t e s in d i f ferent substances^* 
They have carr ied out the ca lcu la t ions to obtain the mode 
of d i s t r i b u t i o n of the element under study in the moderating 
medium surrounding the -Boron " r i f l o r i d e proport ional counters 
80 as to obtain a constant eff iciency of detect ion for a l l 
the neutrons produced in the nuclear d i s i n t eg ra t i ons in the 
element i r r e s p e c t i v e of t h e i r energy. Cocconi e t . a l (l950) 
studied the production of neutrons in lead in coincidence 
with the pene t ra t ing showers. They have shown tha t the 
neutrons produced in nuclear d i s i n t eg ra t i ons have 
approximately the same spectrum as t h a t obtained from an 
Ra-ct*Be neutron source with the higher energy end a l i t t l e 
higiier than obtaining from Ra - <\ - Be source. Besides 
these neutrons are i s o t r o p i c a l l y emitted out , showing 
tha t they are boi led off p a r t i c l e s . The theory of low 
energy s t a r s has been developed on the Bohr model of the 
nucleus by l>e Couteur (1950 arb) with modifications to 
account for t h e increased number of p a r t i c l e s at the low 
energy end. The energy spectrum of the neutron on t h i s 
model comes out to be a var iant of the Maxwellian d i s t r i -
but ion with the maximum number of neutrons lying in the 
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energy band 5 to 10 Mev, Boron ^ r i f l u o r i d e proport ional 
counters "being low energy neutron detectors should "be 
surrounded "by a moderating medium so as to enable them to 
detect the neutrons of a few Mev, Such an arrangement of 
the neutron counters and a moderator i s termed a pi le* 
^ e parameters of t h i s p i l e then determine the energy hand 
of neutrons idiich are e f f i c i en t l y detected hy the p i l e 
de t ec to r s , ^ e design parameters of the p i l e though only 
approximate are fixed with a view to detect the neutrons 
ly ing in t he energy band 1-10 Mev., and these cons t i tu t e the 
biggest f ract ion of the neutrons re leased in nuclear 
d i s i n t e g r a t i o n s . 
The neutron de tec t ing p i l e used in these experiments 
consisted of a block of paraff in wax of dimensions 
24"x 22" X 11" housed in a wooden box of the sHse in te rna l 
dimensions, ^he paraff in wax was se lec ted as the moderating 
medium for several reasons - ( i ) small loca l production of 
neutrons; ( i i ) convenience of obtaining any geometries^, 
pa t t e rn and ( i i i ) easy a v a i l a b i l i t y and low cos t . JH^eutrons 
produced in the nuclear d i s i n t eg ra t i ons induced by Cosmic 
/l^ ays in any substance placed over the p i l e de tec tor are 
slowed down in the paraff in moderator before they reach the 
Boron ^ r i f l u o r i d e proport ional counters , ^ e paraff in 
layout around the proport ional counter was governed by two 
considerations* 
1. 5Iiie d i s in t eg ra t ion neutrons ly ing in a su i t ab le 
energy band around the most probable energy of these neutrons 
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are slowed down' to thermal energies "before they enter the 
counter voluBie. 
2. Neutrons present in the atmosphere and those 
i^iich may find t h e i r way in to the de tec t ing system should 
give r i s e to as small numher of counts as poss ib le , ^he 
l a t t e r requirement i s important as these neutrons cons t i tu te 
the undesirable background for the nuclear d i s in tegra t ion 
measurements* % e scale diagram of the p i l e used in these 
experiments i s given in JPig. l l . Sxt ra paraff in was put on 
t he t h r ee s ides of the main de tec t ing volume so as to reduce 
the "background counts a r i s ing from the unwanted fas t neutrons 
enter ing the detect ing block from the s ides and being 
detected by the neutron counters« 
Boron Tr i f luo r ide proport ional counters used in these 
measurements were the same as described in the e a r l i e r 
sect ion of t h i s r e p o r t , Their overa l l dimensions were s 
I«ength - 24" 
Diameter - 1,75" 
Anode wire diameter - 0,003" 
Gras - Boron ^ r i f l u o r i d e (Natural Boron) 45 cms. of 
Hg p ressu re . 
![>tui Argon at 5 cms. of Hg.pressure. 
Only two such counters were used in the p i l e . Both the 
counters used had approximately the same c h a r a c t e r i s t i c s -
the same threshold; equal plateau lengths and slopes and 
equal e f f i c i enc i e s . The two counters were connected in 
p a r a l l e l , The E,H.T, for the counters was supplied from a 
ba t t e ry of dry c e l l s , The operating p o t e n t i a l of these 
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counters was kept within a few Tolts of 2800 V, as 
indicated "by an e l e c t r o s t a t i c Tolt-meter. ^'he anode of 
t he counters connected together were coupled to the input 
of a cathode follower, The cathode follower and the head 
of the p i l e were shielded hy a meta l l i c "box fixed to the 
front s ide of the p i l e and e l e c t r i c a l l y earthed to the body 
of the cathode follower to ndiida was also connected the 
outer aluminium she l l of the Boron Tr i f luor ide proport ional 
counters, ^ e output from t h i s cathode follower was 
connected "by a shielded cable to the input of a Jordan -
Bel l type of a l i n e a r amplifier ( Model 204 C of the 
Atomics Instruments Company I ' td, ) The power to the 
cathode follower was supplied from the e l ec t ron ica l ly 
regulated power supply incorporated in the commercial 
airrplifier t h r o u ^ a s ix - wire rfiielded cable , The 
filament supply for the cathode follower was spec ia l ly 
protected against the harmonics of the l i n e frequency by 
incorporat ing a f i l t e r in the s i x - vol t secondaries of 
the transformer, The cathode follower output from the 
l i n e a r amplif ier was coupled to a Schimdt-Trigger type of 
a d iscr iminat ing c i r c u i t also incorporated in the 
commercial apqolifier un i t on the same chass i s . The low 
impedance output of the discr iminator was coupled to the 
input of a seven stage fas t sca l ing un i t ( Model 162 of 
the Nuclear Instruments & Chemicals Corp,I*td. ) t the output 
of ifeich was used to d r ive a mechanical r e g i s t e r (Cyclotron 
S p e c i a l i t i e s ) , The most important precautions in these 
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couplings and connections are concerned -r.lth the shielding 
and the earthing of the d i f fe ren t un i t s .and the coupling 
lead from the counter t o the input of the cathode follower 
As the output pulse from the counters i e of the order of a 
few m i l l i v o l t s i t v/as e s sen t i a l to have the shor tes t possihLe 
leads connecting the counters to the cathode follower input . 
Y i e l d i n g needed a specia l a t t e n t i o n , s ince s l i gh t 
e l e c t r i c a l dis turbances in the atraospherics or in the 
neighbourhood, i f picked up, could give r i s e to fa l se 
coxints. This pick-up t rouble was taken care of by 
(a) using shielded cables in a l l the couplings and 
(b) connecting the ear th points of the d i f ferent u n i t s in 
t h e i r order; cathode of the counter to the cathode follower 
chass is through the shield of the coupling cable , the 
cathode follower chass is to the l i nea r amplifier through 
the shield of t he connecting cable and so on. 
Before s t a r t i n g the actual measurements of neutron 
production r a t e s a thorough check up of the vihole 
experimental layout including tlie neutron counters and 
the Essociatfcd e lec t ron ic equipment was carr ied out, ^he 
l i n e a r amplifier and the see l ing uni t were t es ted with the 
help of a pu l se r . Throughout the run of the experiment the 
l i n e a r amplifier worked qu i te smoothly without giving sJiy 
t rouble eaten once. Though the scal ing uni t proper 
itincticned cons i s ten t ly , the incorporated elect:.-crically 
regi/.lated pov/er supply and the dr iver c i r c u i t for the 
mechanical r e g i s t e r developed minor t roubles towards the 
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end of the experiment, ^ e data presented heretliowerer, 
were obtained from the t rouMe-f ree working days of the 
experiment. 2!he functioning of the instruments was 
independent of the l i n e f luc tua t ions to the tune of 10 p , c# 
as they had e l ec t ron ica l ly regula tad power suppl ies , 
HoweTer» the l i n e vol tage was frequently monitored and i t 
was found never to vary "beyond 2 p . c . of the normal value. 
In the absence of a su i t ab le neutron source, a 
check on the working of the p i l e was car r ied out "by measuring 
the counting r a t e as a function of the E»H.T, across the 
neutron counters . %ie counters are known to have a 
p la teau of about 100 vo l t s with a slope of approximately 
5 p , c, in t h i s region, ^ov checking the working of the 
detec t ing uni t the b ias and the pla teau curves were 
frequently drawn throughout the period of the experiment, 
A consistency in the na ture of these curves was assumed to 
give suf f ic ien t proof of constancy of eff iciency and other 
c h a r a c t e r i s t i c s of the neutron counters, A more frequent 
check of the operation of the arrangement resor ted to every 
24 hours , consisted in measuring the with- and with out-
Cadmium counts of the counterspn the p i l e under exactly 
s imi lar conditions of operat ion. Any deviat ion in the 
counter c h a r a c t e r i s t i c s a t any time would be re f lec ted in 
the counting r a t e with- and without- Cadmium sh i e ld s , as 
also in the r a t i o of these counting r a t e s , A consistency 
of these two parameters within the l i m i t s of s t a t i s t i c a l 
deviat ion was taken to mean consistency in the operating 
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c h a r a c t e r i s t i c s of the pile» 
The ii»H.'f for the neutron counters were oTstained 
from a ba t t e ry of dry c e l l s put in s e r i e s so as to give 
a t o t a l e l e c t r o s t a t i c po t en t i a l of about 2800 v o l t s , ^he 
e l e c t r o s t a t i c voltmeter , used to measure the po ten t i a l 
difference across the counters* never showed a deviation 
beyond j 20 v o l t s . The b a t t e r i e s did not show any 
temperature e f fec t . However, in order to pro tec t them 
against any de t e r io ra t ion due t o humidity, they were 
wrapped in wax paper and packed in a wooden box. Besides* 
the p l ace , -ahere they were kept , was always kept warm with 
the help of e l e c t r i c h e a t e r s . 
3!he e3cperimental arrangement of measuring the 
production r a t e s of the neutrons by the unf i l t e red ^ - rad ia t ion 
i s given in i ' ig. 11a. ^ e detector p i l e i s placed on the 
f loor . The lead p l a t e s of dimensions 12" x IS**, were 
placedin the cent re of the top surface of the detector block. 
These p l a t e s are termed * producer plates* in the following 
discuss ion. Counting r a t e s were obtained for d i f ferent 
thicknesses of producer p l a t e s including 0 cms. th ickness . 
S'or each thickness the counts were recorded for about four 
hours at a t ime. The thickness of the producer p la te s was 
changed in s teps of 1/4" (about 7 ,2 . gms/sq.cms.) f i r s t in 
the increasing order followed bijflk decreasing one. ^ i s 
cons t i tu ted one cycle of measuranents -sriaich took about 3 to 
4 days to complete, Thou^ no s t r i c t n e s s was observed in 
keeping the time of individual measurements constant , the 
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readings for a l l the thicknesses of t he producer p la tes 
were repeated several times so as to obtain the counting 
r a t e s at each producer p l a t s thickness for sdl the hours of 
the day. This method of obtaining the counting r a t e s 
ensured against any s i 'bs tan t ia l effect of per iodic 
Tar ia t ions of Cosmic l?ays. ^ e f i r s t set of measurements 
of the neutron production r a t e s by the unf i l t e red 
S-radia t ion as function of thickness of the producer p la t e 
was completed in the 28 working days of the month of 
September, 1955» 
The whole de tec t ing system - the p i l e plus the 
associated e lec t ron ic instruments was then thorouglily 
checked for any devilition in the operat ing charac ter !s t ics# 
^or the measurements of t h e neutron production r a t e s by the 
f i l t e r e d ^I .radiat ion as a function of the producer p l a t e 
th ickness , the p i l e was shif ted ins ide a p i t such that i t s 
top surface was about 4 feet below the ground l e v e l . Over 
t h i s p i l e was placed a paraff in block (22** x 24" x 5") such 
thtit i t covered the p i l e top area completely with a free 
space between i t s under'»'Side and the p i l e top of about ^ " 
The under^Nside of the paraff in block was fixed with a 
Cadmium sheet (o.5 mm.). Over t h i s paraff in block was 
arranged a wooden platform for placing the lead absorber 
p l a t e s upto a thicknesa^f 280 gras/sq. cms. on a surface area 
of 27" X 27" uniformly covering the de tec t ing u n i t . This 
arrangement sketched in the ^ i g . l l b ensured a low background 
due to tbe undesirable neutrons . The use of the 5 inch 
T A B L E VII A, 
UNMLTMSD M-HADIAJIOH 
Producer 
P l a t e 
t h i c k n e s s i n cms. 
0 
0 ,6 
1.2 
1,9 
2 .5 
3 .2 
3.9 
4 .5 
T o t a l ^ 0 . 
of Counts 
11,236 
7 ,381 
7,600 
10,164 
10,057 
11,359 
11,844 
7,254 
T o t a l t ime 
of o b s e r v a t -
ion i n min. 
5,567 
2,926 
2,746 
3,170 
2,807 
2 ,851 
2,783 
1,712 
T A B L 
/ ra in . 
2.018 
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3.583 
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4.256 
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+ 
+ 
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* 
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.019 
.029 
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.037 
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Bates in t h e p l a t e s 
/min . 
0.505 
0.752 
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1.565 
1.9fi6 
2.23« 
2.219 
t 
+ 
t 
* 
i 
t 
t 
•031 
.037 
.037 
.040 
.042 
.044 
.053 
HLTERED H-RAPIATIOIT 
^ 
Producer 
P l a t e 
t h i c k n e s s 
i n eras. 
0 
0 .6 
1.2 
1.9 
2 .5 
T o t a l ^ 0 . 
of 9ounts 
^ ,999 
12,718 
10,909 
13,962 
10,698 
T o t a l t ime 
of o b s e r v a t -
ion in min. 
5,650 
6,298 
5,000 
5,905 
3,855 
lea-te ' 
/ m i n . 
1,768 -t .018 
2.019 t ,018 
2.182 t . 021 
2.364 i .020 
2.775 * .027 
Heutron-Product ion 
Ra tes in t h e 
producer p l a t e 
/ m i n . 
0 . 2«1 - .025 
0 . 4 1 ^ - .027 
0 .596 - .027 
Too/ ' ^ ' 032 
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paraf f ia "bloclc with t h e Cadmium sheet on the under'^side 
j u s t "below the lead absorber minimises the counting r a t e s 
due to the neutrons produced in the ahsorber p l a t e s , ^he 
neutron production r a t e s for d i f ferent thicknesses of lead 
were obtained as before. J^ he measur©nents were made for 
producer p l a t e thicknesses upto 28,8 gms/sq.cms. of lead 
only. 
Both the measurements are p resen t j in Table VII , a.,b 
In the t ab le are giren the t o t a l number of the neutron 
counts obtained for d i f fe ren t thicknesses of the producer 
p l a t e s together with the corresponding time of observation 
for each th ickness . In the next column are giren the 
average counting ra tes* The difference in the average 
counting r a t e s with the producer p l a t e s in pos i t ion and 
without i t are given in the l a s t column. 
C H A P T E R I I I 
OBSERVATIONS AHD THE CORRECTIOH TERMS 
Before any information can "be derived from these 
data cer ta in correc t ions must Tae applied to tiv«»»»-These 
correct ion terms are due to ( l ) the change of geometry of 
the de tec t ing un i t with respect to the producer p l a t e s 
with the addit ion of further p l a t e s - ( the displacement 
f ac to r ) ; (2) s ca t t e r i ng of the neutrons produced in the 
upper layers of the producer p l a t e "by i t s lower layer . 
Because of these fac tors the observed counting r a t e for 
a given thickness of the producer p l a t e i s l e s s than the 
actual ones, ^^his reduction i s qu i t e marked for la rger 
thicknesses of the producer p l a t e s , ^ue to the 
non-ava i l ah i l i t y of a su i t ah le neutron source no 
e3cperimental determination of the two fac tors could he 
carr ied out . ^ e correct ion terms can» however, he 
s^proximately evaluated from the measurements reported "by 
other workers. The geometry correct ion can he applied taking 
advantage of Simpson's curve (l952) for the effect of 
the displacement of the producerplates ahove the 
detec t ing u n i t . Tiiig evaluation i s car r ied out as followsl 
Consider the th innes t producer p l a t e 7.2.gms/sq.cmB 
for ^ i c h the observations were made, I»et the ^ o l e matter 
he considered for the ca lcu la t ion of the displacement 
factor as concentrated at the mid surface of the 
producer p l a t e . Let the observed counting r a t e for t h i s 
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producer p l a t e be r^ , ^ e correct ion factor for the 
displacement of the p l a t e "by a d is tance equal to the 
height of i t s midpoint can he obtained from the curve of 
Simpson (jPig,12 h ) , Let i t he c . , and the counting r a t e 
corrected for t h i s displacement he R^ ,^ Then 
Let '^«/-»'. ' ^1 
Consider now the next producer p l a t e of 14.4 gms»/sq.cms. 
Let the observed counting r a t e for t h i s producer p l a t e 
be V2 and the corresponding displacement correct ion term 
Cg. Then 
Corrected counting r a t e due to 
producer p l a t e 1 i s ^ j ^ . 
Corrected counting r a t e due t o -. 
producer p l a t e 2 equals-^2 - ^1 ^^"°20®l 
Therefore, 
the corrected counting r a t e for the 14«4 gms./sq.ons. 
p l a t e i s 
Let Hxf-Y^ - <^^. 
Thus the general formula for the corrected counting r a t e 
due to n producer p l a t e s of th ickness 7,2 gms./sq#cms. 
each i s 
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QL i s then the required correct ion terra, The values of 
Cjj were obtained from Simpson's curve (l953) reproduced 
in 5'ig.l2 b . 
i'or obtsiining the correc t ion term for the 
sca t t e r ing by the producer p l a t e two simplifying 
assumptions are made * ( l ) the neutrons produced in the 
producer p l a t e s are considered for the present calculat ions 
as coming from above the p l a t e s such tha t for a l l the 
neutrons the whole p l a t e may be considered as a sca t t e re r j 
(2) the neutrons produced in the d i s in t eg ra t ions hnve the 
same spectrtun as those obtained from a Ra-oC-fce 
neutron source* The f i r s t assumption, though not 
j u s t i f i e d in to to in view of the production of the 
neutrons throughout the # io le thickness of the producer 
p l a t e , can be considered to lead to correct ion terms not 
very far from the r e a l values p a r t i c u l a r l y for the producer 
p l a t e th icknesses considered in the present work. As for 
the second assumption Cocconi e t . a l . (l950) have already 
shown tha t the energy spectrum of the d i s in teg ra t ion 
neutrons i s not ^'ery far from th^at obtained from 
a Ra-o(-fee netxtton source, The emulsion s tudies of the 
s t a r s also support the above assumption, 
Using a p i l e of a design s imilar to the one 
described above, K.W. Gieger (l956) has measured the 
sca t t e r ing f rac t ion of the neutrons from a ^a -o<,— Be 
source by lead p l a t e s of two d i f fe ren t thicknesses 
(1.9 cms. and 8,3 cms,), Uging these two points a curve 
- 7 0 -
was drawn to g i r e the sca t te r ing fract ion as a function 
of th ickness from 0 to 8 , 3 . cms of lead with the assumptions 
thfct ( i ) i t should pass through or ig in and ( i i ) and that it 
should he a smoothly varying function of thickness of lead 
absorber upto 8,3 cms. of lead (i ' ig 12 a ) , ^n ^ a t has 
heen discussed ahove the s ca t t e r ing f ract ion s^ i s defined 
simply as the f rac t ion of neutrons removed from the 
detectyfahle beam and i s obtained by taking the difference 
of the p i l e counting r a t e for the source in a fixed 
pos i t ion without and with a lead p l a t e placed jus t above 
the p i l e between i t and the source and dividing i t by the 
counting r a t e with no lead presen t . In 3?able VI I I , are 
given the d i f fe ren t thicknesses of the producer p l a t e s 
above the p i l e in the f i r s t column, ^ e difference of the 
counting r a t e s with and without the producer p l a t e s has 
been considered as the production r a t e for the pa r t i cu l a r 
p l a t e th ickness , - ^ i s i s given in the second column. In 
the following columns are given the correct ion factors • 
the displacement correct ion factor ^^ and the sca t t e r ing 
correct ion factor l / ( I - S Q ) • 
The most common er rors that have not been taken in to 
account in the above and subsequent ca lcu la t ions a r i s e 
from the va r i a t i ons in the atmospheric conditions at 
Gulmarg - temperature va r i a t ions and the pressure 
v a r i a t i o n s , ^he change in temperature can give r i s e to 
a va r i a t ion in the counting r a t e in three waysi-
(a) I f the neutron counters exhibi t any 
7 / ' 
1 A B L VI.11 A. 
Producer Observed D i s p l a c e - S c a t t e r i n g Corrected 
P l a t e p roduc t ion ment c o r - c o r r e c t i o n product ion 
t h i c i m e s s r a t e / iiiin* r e c t l o n Fac to r r a t e / min. 
i n gms/ cm Fac tor 
7 . 2 
1 4 . 4 
2 1 . 6 
28. 3 
3 6 . 0 
4 3 . 2 
5 0 . 4 
0 . 505 
0 .752 
1.153 
1.565 
1.9^5 
2 . 2.38 
2 .219 
.. .J 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
.Oo5 
.037 
.037 
. 0 4 0 
. 042 
. 0 4 4 
. 053 
1.044 
1.072 
1.095 
1.113 
1 . 1 34 
1.154 
1.184 
1.044 0.550 + .035 
1.034 0 ,874 + .037 
1.122 1.460 + .037 
1.163 2.025 + . 040 
1.198 2 .671 ± ' 0 4 2 
1.236 3 .19a + . 044 
1.27 2 3 .342 + .053 
T A B L VI I I B. 
JrTociucer 
Plate 
7. 
14. 
21 . 
28. 
, 2 
.4 
.6 
. 3 
Observed Displacement Scatter- Pre- Gorr-
production correction ing cor- ssiire ected 
rectlon cor- prod-
Factor rectlon uction 
Factor rate/ 
rain. 
thickness „ rates/ iriln. Factor 
In gius/ era 
0.25/ + .025 
0.41 if ± .027 
0.596 + .027 
1.007 ± -032 
1.044 
1.068 
1.099 
1.113 
1.044 .9622 0.26S + . 0:';£ 
1.084 .9622 0.46a + .029 
1.122 .9622 0.707 ± .029 
1.163 .9622 1.25^ + .03? 
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s u s c e p t i b i l i t y to the temperature then the counting 
c h a r a c t e r i s t i c s of the de tec t ing system would change 
^ t h temperature. 
(h) With the change in the temperature of the 
atmosphere the average temperature of the moderating 
medium of the p i l e would also change. This in turn would 
mean a lowering of the average energy to i^ jhich a neutron 
i s slowed down "before being detected. Ag the Boron 
Tr i f luor ide neutron counters follow l / v law the efficiency 
of detect ion would change with temperature. 
(c) A change in temperature can a lso give r i s e 
to a change in the i^-radiation i n t e n s i t y . 
The Boron T-pifluoride neutron counters are known 
to show no temperature effect in the temperature region 
below about 30® C and as such e r rors a r i s ing from the 
process (a) are ru led out. Simpsonl ('"^^^ ) has made a stu(^ 
of the tCTjperature effect in the lower temperature region 
on the p i l e geometries and has found tha t the temperature 
does not affect the counting r a t e by more than 0.00 * 0.04 
p . c . per degree G, A similar conclusion was drawn by 
Gurt iss and GUi (l952)« This el iminates the p o s s i b i l i t y 
of e r ro rs from the source ( b ) . The temperature effect of 
H-radiat ion i s not known to ex is t a t a l l * and as such the 
e r rors due to (c) are not poss ib le . Thus i t can safely be 
concluded tha t the temperature va r i a t ions do not produce 
any measurable effect in the measurements reported h e r e . 
Barometric ef fec ts of t he ^ - r ad i a t i on have been 
- 7 3 -
known to e x i s t , Gocconi-Tongiorgi (l949) have o^btained 
the 'barometric eo-ef f ic ien t for t he neutron-S as 
& — (11.2 fc 0.6) P.O. per cms* of Hg, pressure , -n the 
measurements repor ted here no pressure correc t ions have 
"been applied, The hourly pressure da ta for t h e period of 
ohservation does not show any ahrupt change in the pressure 
on any day of the month; and fu r ther , the difference between 
the maximum and the minimum pressure during the e n t i r e 
period of ohservation of each set was only 10 raillihars. 
% e average pressures during t h e period of two measurements 
were 726 mbs. and 751 mhs. r e spec t ive ly . % e var ia t ions 
during each se t of observations were within t 5 mbs. 
The correct ion term due to t h i s change in pr vjssure would 
amount to only a few p , c . of the production r a t e (nsftiich i s 
l e s s than the s t a t i s t i c a l deviat ion of the production rjite)» 
Besides* the mode of taJcing the observations ensured that 
the pressure ef fec ts would be minimum. 

^9Mj/(tu9 /v- SJl/7d c lOnaOdd 3H1 JO SS3N>iOIHl 
X~OS Ot^ 0£ 01 01 0 
X- (7 j op Of OZ 01 0 
NOilViaVd-N QBdlllUND dOJ 
£1 'DIJ 
C H A P T E R IV 
The production r a t e s af ter "being corrected have 
"been p lo t t ed as a function of the thickness of the producer 
p l a t e for "both the un f i l t e r ed and the f i l t e r e d 
^ - r a d i a t i o n s on a semi-logarithmic graph in i ' igs.13 & 14 
The curves smoothly passing through t h e poin ts have also 
been drawn for t he two measurements. The i n i t i a l pa r t s 
of these curves may be represented by an equation of the 
form. 
{j,j iw = a + B J1 - exp(-x/^ )V 
% e r e H i s the counting r a t e for the producer p l a t e of 
Jim 
thickness x, *A* i s the value of ^ for x n o; B would 
then be a constant to be given by the product of the 
i n t e n s i t y of the H-radiat ion and the eff iciency of the 
de tec t ing system including the geometry of the producer 
p l a t e s with respec t to t he de tec t ing u n i t , t i s i n t e r -
preted as the i n t e r ac t ion mean free path of the 
^ - r ad i a t i on in lead . To obtain the best values of B and '^  
the following procedure was adopted? 
*A* was obtained by producing the curve 
backwards and obtaining the ordinate of i t s i n t e rac t ion 
with the y - a x i s . This background r a t e A was then 
subtracted from the counting r a t e s for d i f ferent 
thicknesses of the producer p l a t e s obtained from the 
curves. I'et the r e su l t an t be ^1 giyen by 
- 7 4 -
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Assuming cer ta in Talues for B and t the values of 
C = B \ iwBxpi-7:/tjj were calculated for each thickness x 
of the producer p l a t e s , ^ e value of t h e * ^ was then 
evaluated for the e n t i r e se t of po in ts as follows*-
e^; ^ ^ ^ CCx-/^;J ) 
C;c 
^or a fixed value of L , B was varied and the"X? was 
calculated for d i f ferent values of B, The*^ values so 
ohtained were then p lo t t ed as a function of B, The curve 
shows a minimain corresponding to a p a r t i c u l a r value of B 
idaich then i s the optimum value of B for the given value 
of ^ . The ca lcu la t ions were then made for other values 
of t and a family of curves of"X"^ versus B with ^ as the 
parameter were ohtained. 5'or each assumed value of I an 
optimum value of B was thus obtained, ^ e optimum value 
of i was then fixed by the considerat ion of ge t t i ng the 
"best f i t of the ca lcula ted points with the i n i t i a l par t 
of the observed curve I . ^h i s assumption may be 
considered val id only approximately as the indicat ions are 
(from the present experiment also) tha t the secondaries do 
contr ibute to the observed counting r a t e s . The r e s u l t s of 
these ca lcu la t ions lead to a value of the in te rac t ion 
m.f#p. equal to 200 gms*/sq«cms. ^or comparison the 
i n t e r ac t i on lengths of the 3J-radiation are given in the 
T a b l e IX^ T U t^. ^ff- / o r < ^ e f/^-<^ ^-.r^mKtfK -u rs^OSOpJ/^. 
^om the ^ versus x curves I and I I the 
( d if /"^ X ) ^ versus x curves H I and IV have been 
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T A B L E IX 
Cosmic Ray I n t . m . f . p , of R e f e r e n c e s 
IPhenomena t h e H - r a d i a t i o n 
P e n e t r a t i n g 160 - 15 gm/crtfi Lead Coccoin,G.Phy.Rer.75,1079 
Showers 1949 a. 
76, 984 
1949 b . 
196 - 13 gn/cm^ Lead S i t t e , K . Phy.Rev.78,714,15 
77 -laesons 82 - o5 gm/crn^ emulsion Cajnirin e t . s i l . 
Ph i l .Mag. 41,418,1950 
StAys 102 - 27 gm/cro^ emulsion Cgmirin e t . a l . 
Phi l .Mag, 41,413,1950 
Neutron-producing 200 gms/cm^ Lead P r e s e n t work 
Rad i a t i on 
-n-
oljtained with the help of the well known graphical and 
taljular methods (treatment of S t a t i s t i c a l I^ata- by WovT i^w^ 
Seff ener) , From the curves H I and IV i t i s evident that 
the prodx s t ion r a t e per un i t thickness of the producer 
p l a t e i s very much dependent upon the amount of the 
condensed matter the H-radia t ions has already passed 
through, ^he curve H I shows an increase in i t s early 
pa r t upto ahout 25 gms./sc[. cms. -sdiere i t exhibi ts a "broad 
maximum. After t h i s point the curve shows an exponential 
decrease with th ickness . 
_ jv 
•the curvet for the f i l t e r e d B-rad ia t ion , however, 
continues to show an increasing trend upto 30 gms./sq.cms. 
( the l a s t point of observation on the ^ versus x curve I I 
corresponds to 28.8 gms. /sq.cms.) . ^ i s curve has a slope 
grea te r than tha t of the previous one, ind ica t ing tha t the 
in t e rac t ion mean free path for the f i l t e r e d H-radiat ion i s 
g rea te r than tha t for the unf i l t e red one. % e curves 
I I I & IV, thus es tab l i sh the t r a n s i t i o n phenomena for 
f i l t e r e d and un f i l t e r ed H-radia t ion. 
% e t r a n s i t i o n curve for the un f i l t e r ed H-radiaticn 
above 25 gms./sq.cms. can lead to an estimation of the 
absorption mean free path of the H-radia t ion. This curve 
leads to a value of absorption mean f ree path of 330 
( ± 3 0 ) gms./sq.cms. of lead, the e r ro rs being due to the 
shortness of the ava i lab le range. 
Yet another method of obtaining the absorption mem 
free path l i e s in the comparison of the production r a t e s to 
:gzu:)/9W9 Ni S31\^ld ^lOnaOhd 3H1 JO SS3^>/DIH1 
X-OS Oir 0£ OZ 01 0 
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the producer plates of the same thickness hy the tinfiltered 
^-radiation and "by the radiation f i l tered through 280 gms/ 
sq.cms. of lead. As i s seen in the ^ig^lS, in their 
i n i t i a l parts the two curves do not run exactly paral lel 
to eaxda other, i . e . the ra t io of the production ra te hy 
the unfiltered IT-radiation to thst due to the f i l tered 
radiation i s seen to "be a function of the thickness of the 
producer p la te . This ra t io varies from ahout 2.32 for 
5 gms./sq. cms. producer plates to about 2.00 for 
20 gms./sq. eras, and about 1.63 for 30 gms./sq. cms. 
producer p la tes . Then the intensi ty - equation 
can be used to give the abs. m.f.p, of the H-radiation. 
Assuming that the secondaries do not contribute materially 
to the neutron production ra te in the small thickness of 
the producer plates in both the cases of production by the 
f i l tered and the unfiltered N-radiation, and further, that 
the average mult ipl ici ty of the neutron production for the 
f i l tered and the unfiltered radiation remains constant the 
intensi ty can be considered to be direct ly proportional to 
the production ra tes , so that 
^ e r e (xg - x- ) 5 280 gms./sq. cms. of lead absorber, A 
i s the absorption mean free path of the l^-radiation and 
K and Hg are the production ra tes in producer plates of the 
-79 -
same thickness by the unf i l t e red and the f i l t e r e d 
^ - r a d i a t i o n s r e spec t ive ly . Corresponding to the r a t i o of 
U to H2, the absorption mean free path ranges from 
330 gms»/sq«cms. of lead for 5 gms./sq.cBis. lead producer 
p l a t e s to 410 gms«/sq.cms, of lead for the 20 gms#/sq«cms» 
producer p la tes* ^ e average value may» thereforet be 
taken as 365 - 35 gms./sq.oms. ^ e production r a t e in 
producer p l a t e s th icker than about 20 gms./sq.cms. cannot 
be used d i r e c t l y for the above calculat ions since the 
contr ibut ion due to the secondaries to the t o t a l nuclear 
d i s i n t eg ra t i ons in the producer p l a t e i s no reore neg l ig ib le* 
Because of the contr ibut ion from the secondaries to the 
t o t a l nuclear d i s in t eg ra t ions the value of the absorption 
mean free path obtained by comparing the production 
r a t e s in the 5 gms./sq«cms. producer p l a t e s would be 
nearer to the actual absorption mean free path value. 
C H A P T E R V 
DISCUSSION 
The curves I and I I "isfcen e x t r a p o l a t e d "backwards 
l e a d t o a f i n i t e v a l u e of t h e p roduc t ion r a t e s for t h e 
0 cms» t h i c k producer p l a t e . This i s most s u r p r i s i n g in 
Yiew of t h e f a c t t h a t only t h e p roduc t ion r a t e in d i f f e r en t 
t h i c k n e s s e s of t h e producer p l a t e s have "been p l o t t e d . I t 
may ^e noted t h a t t h e curves have been drawn on a 
semi- logar thmic graph and as such t h e e x t r a p o l a t i o n of 
t h e curve to o h t a i n t h e count ing r a t e for t h e 0 cms. 
t h i c k ahsorber may he q u e s t i o n e d . This e x t r a p o l a t e d 
va lue i s very much dependent upon t h e way t h e curve i s 
drawn, more so on a semi- log graph. However, some 
guidance can he t aken from t h e curves H I and IV t o o h t a i n 
t h e c o r r e c t v a l u e . 5Vom t h e t r a n s i t i o n curves i t i s seen 
t h a t t h e r a t e of p roduc t ion per u n i t t h i c k n e s s for any 
t h i c k n e s s i s more than t h e s i m i l a r q u a n t i t y for smal le r 
t h i c k n e s s e s and l e s s than t h a t for g r e a t e r t h i c k n e s s e s in 
t h e range 0 fcb 25 gai/cm^ of producer p l a t e t h i c k n e s s e s . 
On t h i s c o n s i d e r a t i o n t h e e x t r a p o l a t e d va lue of *A* has 
been o b t a i n e d . I t remains t o account for t h e e x i s t e n c e of 
'A*. This may be unders tood as follows* ^or o b t a i n i n g t h e 
p roduc t ion r a t e for d i f f e r e n t t h i c k n e s s e s of l e a d , t h e 
d i f f e r e n c e of t h e count ing r a t e s with t h e producer p l a t e s 
in p o s i t i o n over t h e p i l e top and wi thout them have been 
o b t a i n e d . This p rocedure i m p l i c i t l y assumes t h a t t h e 
background counts - t h e count ing r a t e ob ta ined without t h e 
- 8 0 -
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producer p l a t e - i s not very much affected by placing the 
producer p l a t e above the p i l e , Though the sca t t e r ing of 
the neutrons produced in the moderator, and the aheorption 
of the N-radia t ion producing the neutrons in the paraffin 
have not been considered, the correct ion term due to these 
processes are l i k e l y to be qui te sniall, and since the 
sign of the two effec ts are opposite to each other they 
might even cancel each other , The p o s s i b i l i t y tha t the 
producer p l a t e may give r i s e to neutrons through 
mechanisms other than those due to the S-radia t ion passing 
dOTsn through i t ^ i s discussed below and i t i s probable that 
these processes may contr ibute mater ia l ly to account for 
the existence of *A*, 
The in t e r ac t ion mean free path obtained from the 
above ca lcu la t ions i s s i gn i f i can t ly d i f fe ren t from the 
geometrical vslue of 160 gms./sq«cros. of lead, % i l e the 
i n t e r ac t ion length reported by some workers are not very 
d i f ferent from the one obtained above, the other reported 
values are q u i t e far from i t as i s c lea r from t ab le IX, 
Walker ( 1950) has ^own that t he i n t e r ac t ion mean free 
path of the H-radiat ion i s a function of energy of the everts 
being s tudied, such tha t the higher energy events 
correspond to lower values of in t e rac t ion mean free paths 
and vice versa , ^or example, the in te rac t ion mean free 
path for showers of p a r t i c l e s grea ter than 5 in number, was 
150 ^ 8 gms./sq,cms« lead,whereas for showers of 3 
p a r t i c l e s , i t was 208 gms./sq.cms. This conclusion was 
i n i t i a l l y doubted beceuse of the a l t e r n a t i v e explanation of 
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the change in counting r a t e s as a r e s u l t of the possible 
contri"butions from the secondaries of the nuclear i n t e r -
actions* Howerer, S i t t e*s measurements (l950) confirmed 
the abore conclusions of Walker, Besides, Boehmer and 
Bridge (as reported in High Energy ^ a r t i c l e s - By Rossi»B.) 
hare obtained an i n t e r a c t i o n length of the neu t ra l 
H-radiat ion equal to 220gins./sq. cms. of lead absorber. 
This i s in close agreement with the value reported here . 
The i n t e r ac t i on mean free path for t he f i l t e r e d 
H-radiat ion seems to be s l i g h t l y d i f fe ren t from the one 
obtained for the un f i l t e r ed H-radiat ion, 
That the in t e rac t ion mean free path i s not the 
same thing as the absorption length for Cosmic ^ay events 
due to nucleons has been emphasized by Rossi ( l948) , 
Janossy and H e i t l e r have even shewn on t heo re t i c a l 
considerat ion tha t the absorption mean free path of the 
H-radiat ion should be equal to 2 times the in te rac t ion 
mean free path ^ i d i i s given by the geometrical cross 
section for the nucleus. The r a t i o of the in te rac t ion 
mean free path to the absorption mean free path obtained 
from the present experiments l i e s in t he range 1,6 to 2, 
Values of t h i s r a t i o have been reported by several workers 
and they a l l l i e in the above range, For example, 
idiereas George and Jason (l950) reported a value 2, 
Rosser and Swift ( l95l ) obtained a value 1,8 * 0.3 for 
the shower s t a r s . The average value from the present 
experiment may btj taken as 1.8 - a value qu i t e close to 2, 
as predicted by Janossy and H e i t l e r . 
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^ e value of the absorption mean free path 
ohtained from a comparison of the curves I and I I i s 
s l ig j i t ly h i ^ e r than the one obtained from curve H I , The 
difference may "be qu i t e s ign i f i can t i n s p i t e of the large 
error in the e a r l i e r va lue . Barton, George and Jason 
( l95l ) YTorlcing with photographic nuclear emuslion p l a t e s 
found the absorption mean free path of the s t a r producing 
rad ia t ion in Carbon as 166 ^ 8 gms./Bq.cms. ^his figure 
i s macb more than tha t ejcpected on the bas i s of the 
geometrical cross section for the nuclear i n t e r ac t i ons . 
The absorption mean free path of the^S:«t.adiation in a i r 
^ i o h has an atomic weight greater than tha t of Carbon i s 
l e s s than tha t for Carbon as reported by Barton e t . a l * 
Curt iss and Gi l l (l952) obtained the absorption mean free 
path of fas t neutrons, ^ i c h are in equilibrium with t he i r 
producers upto a height of 20,000 f t , (Bernard in i et.al«1949) 
as 128 gms./sq.cms. of a i r . The large difference in the 
observed and the expected values has been ascribed by 
Barton e t . a l . to the behaviour of the F-mesons in a i r as 
compared to tha t in condensed matter , The jf- mesons 
in a i r have a greater p robab i l i ty for 7r-»A decay than for 
a nuclear i n t e rac t ion with a i r nuc le i . Compared with 
t h i s , the I'w^ihave a grea ter p robab i l i ty of producing 
nuclear d i s in t eg ra t i ons in dense mate r ia l . I t has been 
shown by Barton e t . a l . tha t i f the contr ibut ion of 
7/ -mesons to the t o t a l nuclear d i s in t eg ra t ions i s 
subtracted from the observed s ta r - r a t e s the value 
obtained for the absorption mean free path of the s t a r 
producing rad ia t ion comes out to be 143 ^ 10 gras./sq.cms* 
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of Carbon- a value nearer to the geoinetrical one. J^ he 
a t tenuat ion of the star-producing rad ia t ion hpc 'been 
mefBured ty Rcsser and Swift ( l95l ) at ? i c du Midi 
( a l t i t u d e 2800 m,), and they show tha t the r a t i o of the 
s t a r i n t e n s i t i e s above and under 30 cms. of lead i s 
dependent upon the type of the s t a r s that are being 
s tudied- a phenomenon s imilar to the one observed in the 
present experiments for the production r a t e r a t i o s as a 
function of the thickness of the producer p l a t e s , ^he 
values of the a t tenuat ion length in lead as obtained by 
fiosser and Swift are s 
(305 - 7) gms./sq.cms. for a l l s t a r s . 
(380 t 65) -do- for pene t ra t ing l o w e r s (^^-^-^ 
(405 ^ 3l) -do- for events vdth charged 
r e l a t i v i s t i c primaries 
(26O t 34) -do- for events vdth uncharged 
prirxari es( excluding simpl e 
evaporation s ta rs ) 
i\ijiinoto and Hayakawa (l949) hare suggested a 
d iv is ion of the nuclear d is in tegra t ion-producing radiat ioa 
in to two components v i z . ( l ) the compoHant responsible for 
the s t a r s with r e l a t i v i s t i c secondaries - i . e . the shower 
pr imaries or the A - component; (2) the component giving 
r i s e to evaporation s t a r s low energy s t a r primaries or 
the B - component. 
The average energy of the B-component of the 
Cosmic (Radiation i s about 1000 Mev. and t h i s i s in the 
main, secondary to the A-component. The fact that the 
present experiraeait leads to two di f ferent values of the 
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absorption mean free path has prohably t h i s d iv is ion as 
i t s "basis. %erea s in the un f i l t e r ed K'.radiation the two 
components are in equilihriumt t h e i r r a t i o in the 
^ - r ad i a t i on f i l t e r e d through 280 gi*v5»/sq.OBIS, i s no more 
the same. Rosser and Swift ( l95l) nave shomi tha t the 
percentage of the s t a r s produced hy the charged 
r e l a t i v i s t i c primaries increases from 13.1 ± 0.9 p . c . 
for unshielded p l a t e s to 17,0 * 1.0 p . c . for p l a t e s under 
30 cms. of lead end t h i s has been ascribed to the fast 
TT - mesons created in the lead ahsorber. Barton e t . a l . 
have even ^o-wn tha t the 77 -mesons give r i s e to a 
t r a n s i t i o n effect for Carbon at around 100 gms./sq.cms. 
a value reported by other workers for the penetra t ing 
showers. 
In the present work the exis tence of the t r a n s i t i o n 
effect for the neutrcn-producing rad ia t ion has also been 
obtained. The t r a n s i t i o n curve I I I for the un f i l t e r ed 
N-radiat ion shows an i n i t i a l r i s e u|>to about 25 gms./sq.cms 
at vdiich point i t enters a region of a "broad Paximuirs 
before decreasing exponenti&lly. The t r a n s i t i o n curve IV 
for the f i l t e r e d N-recliation on the other hsJid, shows a 
comparatively steer er r i s e than for the un f i l t e r ed one. 
Besidest the Cu.T«re |>^  siiows an increasing trend r i g h t 
upto 30 gms./sq* CE!S« ^his change in the behaviour of the 
K^-radiation af ter passing through 280 gms./sq.cms of lead 
can come about because of either(l) a change in the average 
energy of the H-radia t ion , {2) a change in the composition 
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of the ^ - r a d i a t i o n or (5) "both. I t may t e noted that the 
t r a n s i t i o n maximam reported "by Simpson for the neutron 
producers occurs at 15 gmB./sq. ens. of lead. I t ie 
p rc t ah l e t h r t the t rens i t ior ! phenomenon i? l a t i t u d e 
sensit i jfe. 
Any process inyoked to explair the increc.'^e of 
( ^^V ^^ ^y shculd also he ahle to explain the sa turat ion 
tha t s e t s in around 25 gms^^q. Jr.s. of lead as also the 
sh i f t in the sa tu ra t ion point for the ^ - rad ia t ion 
f i l t e r e d through 280 gms./sq.cms, of lead, ^he 
t r a n s i t i o n effect for the s t a r has been obtained by 
Malasipna et .al .C^uoro 1950) with a maxima around 1 cms. 
of lead. Ba l lapor ta J^erlin and Puppi (l950) have t r i e d 
explain the increase in the s t a r r a t e s on the assumption 
of the eraporation neutrons capable of producing nuclear 
d i s i n t e g r a t i o n s , ^he r e s u l t s of ^a las ipna e t . a l . (l95o) 
siiowed a higher r a t e of s t a r s in p l a t e s placed on top of 
a lead absorber than in the p la te s not placed on the 
absorber suggesting tha t the re i s a la rger baclcward 
^ l i s s ion of secondary neutrons capable of producing 3-and 
4- pronged starsfehan in an equivalent thickness of a i r . 
5^ he r e s u l t s of Bernardini e t . a l . tl95o) also show tha t 
there i s a much l a rge r proportion of 3 - and 4- pronged 
s t a r s under 2 cms. of lead; under 30 cms. of lead t h i s 
t r a n s i t i o n effect vanishes. In the present v/ork the 
nature of the t r a n s i t i o n effect i s such tha t i t p e r s i s t s 
even af ter the K-radiet ion has been f i l t e r e d through 280 
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gms«/sq«cms. Besides the maxima of the t r a n s i t i o n curve 
appears to "be shif ted for the f i l t e r e d H-radiat ion, 
Barton e t . a l . have shOY;n that the increase in the ^/'-rcesons 
under the ahsorher cajmot contr ibute to t he order of the 
change observed. Considering the long in t e rac t ion length 
i t i s d i f f i c u l t to imagine a fast development of the 
nucleon cascade so as to reach i t s maximum within the 
25 gms./sq.cms. of lead. I t seems more proha.hle, therefore , 
tha t the BeccndeTies frcm the nuclecr i n t e r r c t i c n s talcing 
place in the mater ia l placed j u s t below the producer 
p l a t e s contr ibute mate r ia l ly to the observed increased 
production r a t e s . A t e n t a t i v e mechanism explaining the 
t r a n s i t i o n effect i s discussed below. 
I t i s l:novj*ifrom> the emulsion s tudies that in the 
energetic nuclear i n t e r a c t i o n s , "beBidec the relecre cf the 
r e l a t iv i e t - i c p a r t i c l e s in the fcrv.ard d i r ec t i on , the 
ieo t ropic loiv ei^er^y i a r t i c l e s are e lse e r i t t e d , ^ i s 
i so t rop ic c lass of p a r t i c l e s cons is t s of the 7^-m.esons of 
a few hundred Mev. energies of nucleons of 100-200 Mev. 
energies , ^ e s e p a r t i c l e s are capable of producing 
nuclear d i s i n t e g r a t i o n s . In the present work the difference 
of the counting r a t e s vdth- and without- producer p la te s 
in pos i t ion has been tal'en to Q^ive the counting r a t e 
proport ional to the nuclear d i s in t eg ra t ions produced by 
the JS[-radiation in the lead producer p l a t e s . J^his 
imp l i c i t l y assumes tha t the background counting r a t e 
represented by the r a t e obtained witl'-out the producer p la te 
in posi t ion i s net disturbed when a producer p l r t e of any 
- 8 8 -
thiclLneET i s placed ever the dttectin^ vnlt, i'lido 
"br.clx^^cuiic cot'iitir^,. rr.-t- ccrri&tr of two pa r t s only s 
( i ) the fast neutrons of Cosmic Rays that enter the p i l e 
from outs ide and get detected "by the detec t ing u n i t , and 
( i i ) the neutrons a r i s i ng from the nuclear d i s in teg ra t ions 
taking place in the p i l e laoderatort The effect of the 
Tjroducer p l a t e on the f i r s t i s a very small reduction for 
the range of thicknesses of the producer p l a t e s for ^ i c h 
the t r a n s i t i o n effect i s observed, 3!he effect on the la t to* 
however, i s expected to "be qu i te marked. 5?he change in 
t h i s comes out because of (a) the absorption of the 
H-radiat ion tha t gives r i s e to the nuclear in t e rac t ion in 
paraff in (a reduction) ("b) the back-sca t te r ing of the 
neutrons produced in the moderator so as to get detected 
in the neutron counters (an addition) (c) a poss ib le 
increase of the nuclear in t e rac t ion in the paraff in 
because of the increase in the energetic secondaries due 
to the nuclear i n t e rac t ions in the producer plates* (d) the 
i n t e r a c t i o n s of the energet ic i so t rop ic secondaries of the 
nuclear i n t e r ac t i ons of paraff in in the producer p la t e above 
The contr ibut ions from (a) and (b) are de f in i t e ly qui te 
small for the thickness of the producer p l a t e s in question 
and being opposite in sign, they are l i k e l y to minimise 
the t o t a l e f fec t .due to them. However, the processes (c) 
and (d) are i m p o r t ^ t for the present considerat ions . 
Barton e t . a l - have shown tha t i t i s the i so t rop ic c lass 
of the secondaries -^ shich i s important for accounting for 
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any increase in the s t a r frequency, ^ e y hare shown that 
the frequencies of the 77-mesons di rected downwards 
increase upto a'bout 100 gms./sq. cms. of Garhon and 
decrease afterwards* iJ^ereas thos«directed up show a 
monotonic decrease r igh t from the beginning. Si ther of 
the two processes or a su i t ab le combination of the two 
can, i t appears, account for the t r a n s i t i o n curYe, with 
the pos i t ion of the maxima being taken care of by the 
range of the average secondary p a r t i c l e . 3'his explanation 
inc iden t ly , may also be able to explain the presence of an 
apparent production r a t e for 0 cms. lead producer. As 
the efficiency of the p i l e i s not known, the affect of 
the two mechanisms cannot be estimated, This theory can, 
however, be put to t e s t by changing the moderating medium 
and by put t ing some elements other than lead as producers 
so as to change the effect of the back-radia t ion . 
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^ ^ MM A R T 
Inves t iga t ions have "been carr ied out on the 
ppoper t i ss of ^ - r ad i a t i ons "by a detect ion of the neutrons 
produced in the nuclear d i s in tegra t ions* ^ e r e s u l t s of 
the present s tud ies areS 
( i ) the in t e rac t ion mean free path of the 
^ - r ad i a t i on comes out to be 200 gms«/sq.cms.> a value 
iffiich higher than the geometrical one. The in terac t ion 
length of the f i l t e r e d ^ - r ad i a t i on i s s l i g h t l y higher than 
t h i s value (about 250 gms./sq.cms.) 
( i i ) the absorption raean free path of the 
S'-radiation i s obtained as 320 ^ 40 pas./sq..cms. a 
value expected on the bas i s of the geometrical OVOBB 
section* 
( i i i ) the absorption mean free path obtained by 
comparing the nuclear d i s in tegra t ion r a t e s by the f i l t e r e d 
and un f i l t e r ed H-radia t ions leads to an absorption length 
of 360 gms./sq.cms. of lead, This value i s considerably 
higher than the geometrical one and probably the 
secondaries produced in the nuclear i n t e rac t ions might 
account for the di f ference, 
( iv) The t r a n s i t i o n effect of the ^ - rad ia t ion had 
been observed for the unf i l t e red as also for the f i l t e r e d 
N-radia t ion , The t r a n s i t i o n curve H I for the former shows 
a broad maximum around 25 gms,/sq,cms, compared to the 
t r a n s i t i o n maxiimzm reported by Simpson at 15 gms./sq,cms 
of lead. The present value as compared to Simpson's 
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ind ica tes a l a t i t u d e effect for the t r a n s i t i o n phenomena. 
Besides, for the ^ - r ad i a t i on f i l t e r e d through 280 
gms/sq.cais. the t r a n s i t i o n masdmnm appears to he shifted 
up. Both these may be accounted for on the has i s of the 
average energy of the ^ - r ad i a t i on , A t e n t a t i v e 
explanation for the phenoaenon i s discttssed. 
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